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1.1 Ecosystem Services in Decision-Making 

Human life on Earth depends on ecosystems. This is the main message conveyed by 
the concept of ecosystem services (ES), which has gained an ever-increasing atten¬ 
tion in the scientific (McDonough et al. 2017) and policy debate (e.g., CBD 2011; 
European Commission 2006, 2010) of the last two decades. The success of the term 
‘ecosystem services’ is arguably due to its encompassing all “the direct and indirect 
contributions of ecosystems to human wellbeing” (TEEB 2010a), thus providing a 
comprehensive framework to describe the multiple relationships between humans 
and nature. 

The term ‘ecosystem services’ appeared for the first time in 1981 in a book by 
Ehrlich and Ehrlich as an evolution of the term ‘environmental services’ (Ehrlich 
and Ehrlich 1981), but it remained for some time confined within the disciplinary 
boundaries of conservation ecology. Only in the late nineties two pioneering works 
brought ES to the forefront of the scientific debate. In 1997, a comprehensive over¬ 
view of the ES through which nature underpins human wellbeing was provided 
(Daily 1997), while a group of ecologists and economists made the first attempt to 
estimate the total economic value of the biosphere based on ES (Costanza et al. 
1997), generating a rapidly-growing interest in the topic. In 2005, the publication of 
the Millennium Ecosystem Assessment report (MA 2005) under the umbrella of the 
United Nations Environmental Programme (UNEP) put ES high on the world policy 
agenda. The ES concept was proposed as an innovative way to communicate the 
growing concerns for the unprecedented rates of ecosystem degradation and biodi¬ 
versity loss, thus providing an additional justification for nature conservation based 
on what nature does for people (Mace 2014, 2016). 

What characterized the ES concept since its origin was the explicit link with 
decision-making. Gretchen Daily and colleagues identified in this link the main 
innovation of the ES approach, where ES values are acknowledged and assessed 
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with the specific purpose of informing decisions (Daily et al. 2009). Highlighting 
the dependency of human wellbeing on nature, the ES concept definitely makes 
clear that no trade-off should exist between sustainable human development and 
nature conservation (de Groot et al. 2010). Consequently, identifying, mapping, 
quantifying, and valuing ES is expected to improve decision making, ultimately 
promoting more sustainable development trajectories (TEEB 2010b; Diaz et al. 
2015; Guerry et al. 2015). In the last years, efforts have been made to include ES in 
different decision-making processes to support the identification and comparison of 
costs and benefits of different policies (TEEB 2010b) and to contribute to the assess¬ 
ment of their impacts (Geneletti 2013). 

At the international level, the acknowledgement of the need to secure a sustain¬ 
able and fair provision of ES was explicitly at the basis of the adoption of the Aichi- 
targets by the Convention on Biological Diversity (2010) and of the creation of the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 
(2012). The European Union is at the forefront in pursuing these obligations and is 
leading the way toward mainstreaming the ES approach by progressively embedding 
the ES concept in its policies (Bouwma et al. 2017). Through the EU Biodiversity 
strategy to 2020 , EU Member States committed to map and assess ES in their terri¬ 
tory, thus setting the base for continuous monitoring and the inclusion of ES in the 
system of national accounting and reporting across the EU (Maes et al. 2012, 2016). 
Comprehensive ES assessments have also been carried out at national level, both in 
the EU and in other parts of the world (Schroter et al. 2016). Furthermore, several 
local experiences have proven the effectiveness of the ES approach in driving policy 
changes toward more sustainable outcomes in different contexts and scales 
(Ruckelshaus et al. 2015). Topics addressed include river basin management, climate 
change adaptation and mitigation, green infrastructure planning, and corporate risk 
management, to name just a few (Ruckelshaus et al. 2015; Dick et al. 2017), with a 
wide range of stakeholders involved in different decision-making processes, from 
landscape and urban planning (Hansen et al. 2015; Babi Almenar et al. 2018) to 
impact assessment (Geneletti 2016; Rozas-Vasquez et al. 2018). 

The spread of the ES concept and its progressive inclusion into decision-making 
at various levels raised the interest on how ES and related values could be assessed 
in a way that allowed comparison across space and monitoring through time. 
Considering the type of values that they aim to capture, ES assessment methods are 
commonly classified in biophysical, socio-cultural, and economic methods 
(Harrison et al. 2017). Biophysical methods quantify ES in biophysical units based 
on the analysis of structural and functional traits of ecosystems, or on biophysical 
modelling (e.g., hydrological and ecological models, production functions). Socio¬ 
cultural methods capture individual or social preferences expressed by stakeholders 
in non-monetary terms (e.g., time use assessments, photo series analysis). Economic 
methods quantify ES values in monetary units (e.g., market prices, replacement 
cost, hedonic pricing). Although the distinction is sometimes blurred (e.g., methods 
to investigate social preference can be used to assign monetary values), it helps to 
understand the variety of methods from different disciplinary backgrounds that can 
be adopted in ES assessments (Santos-Martin et al. 2018). 
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While today several methods for ES mapping and assessment are well-established 
and have demonstrated their potential to provide useful information to decision¬ 
making (Burkhard et al. 2018), the challenge is on how multiple ES assessments can 
be integrated to contribute to answer real-world policy questions. On the one hand, 
decisions usually affect not a single but a bundle of ES (Jopke et al. 2015; Spake 
et al. 2017), hence assessments able to account for multiple ES and their multiple 
values are needed to investigate synergies and trade-offs potentially arising from 
decisions (Geneletti et al. 2018). On the other hand, ES assessments should be able 
to reflect views and opinions of the different stakeholders involved, including those 
that are normally under-represented (Jacobs et al. 2016). Urban planning is an 
example of decision-making process where complex policy questions are addressed, 
a broad range of stakeholders is engaged, and multiple ES values emerge. In cities, 
land-use decisions made during the planning process determine the availability of 
ES fundamental to the wellbeing of urban population. Hence, the inclusion of ES in 
planning is essential to promote sustainable urban development. 


1.2 Planning for Ecosystem Services in Cities 

Even though cities may seem to have little to do with the concept of ES, except for 
largely benefitting from them while threatening their provision through urbaniza¬ 
tion processes (MA 2005), this view has progressively shifted during the last years. 
While the ES science was developing, cities started to be seen not just as consumers 
of ES supplied from outside urban areas, but also as producers themselves, as 
already noted in the seminal work by Bolund and Hunhammar (1999). The study of 
urban ES, i.e. of the “ES provided by urban ecosystems and their components” 
(Gomez-Baggethun and Barton 2013), became a focus of ES research (Haase et al. 
2014; Luederitz et al. 2015). Regulating and cultural ES emerged as the most rele¬ 
vant in urban areas (Gomez-Baggethun and Barton 2013; Elmqvist et al. 2016). By 
regulating stormwater runoff and flows, purifying the air, regulating micro-climate, 
reducing noise, and moderating environmental extremes, urban ecosystems affect 
the quality of the urban environment and control the associated hazards. Moreover, 
by providing suitable space for recreation, increasing the aesthetic quality of urban 
spaces, offering opportunities for cultural enrichment, and preserving local identity 
and sense of place, they provide a range of non-material benefits that are essential 
for human and societal wellbeing in cities (Gomez-Baggethun and Barton 2013; 
Elmqvist et al. 2016). 

Preserving, restoring, and enhancing urban ES is therefore necessary to ensure 
liveable, sustainable, and resilient cities (McPhearson et al. 2015; Botzat et al. 2016; 
Frantzeskaki et al. 2016). Urban ES and associated benefits are linked to many of 
the most pressing challenges for cities. Mitigating and adapting to climate change, 
promoting citizens’ heath, enhancing social inclusion, and reducing the 
environmental footprint of cities, to name just a few, all have a direct relation with 
the provision of urban ES (Bowler et al. 2010a; Demuzere et al. 2014; McPhearson 
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et al. 2014). Furthermore, many urban ES produce effects only at the local level 
(Andersson et al. 2015) and man-made substitutes, when existing, are often charac¬ 
terised by high costs and impacts (Elmqvist et al. 2015). While urban population 
continues to grow, maintaining healthy and functioning ecosystems appears there¬ 
fore of utmost importance to guarantee that the increasing demand for ES in met in 
a sustainable way. 

Urban planning affects urban ES in multiple ways (Cortinovis 2018). First, the 
provision of urban ES depends on the availability and spatial distribution of urban 
ecosystems and their components, hence on the strategic decisions on land-use allo¬ 
cations that are made during urban planning processes (Langemeyer et al. 2016). 
Second, by defining the spatial arrangement of land uses, urban planning also deter¬ 
mines the distribution of population and urban functions, which affects the demand 
for urban ES (Baro et al. 2016). Third, planning decisions also contribute to define 
some physical properties as well as institutional and management arrangements of 
the city (e.g., property type, accessibility) that play a key role in defining who can 
benefits from urban ES (Barbosa et al. 2007). Hence, making urban planning aware 
of ES and their values, and assessing the impacts of planning actions on ES provi¬ 
sion, is fundamental to ensure that benefits from ES are preserved and enhanced. 

Acknowledging the presence of nature within cities as beneficial is not an inno¬ 
vation in the urban planning discipline, and references to the importance of green 
spaces in cities and to their positive influence on the wellbeing of urban population 
can be traced back to the very initial stage of modern planning (see e.g. Howard 
1902). However, in the last century, a view of nature in cities as only related to aes¬ 
thetic and recreational values prevailed, and a strong focus on urban form as a deter¬ 
minant of the environmental performance of cities made other strategies, such as 
compactness, density, and functional diversity, prevail even when the then new para¬ 
digm of sustainability emerged (Jabareen 2006). Only recently, also thanks to a 
growing scientific evidence, ‘greening the city’ has become an imperative for urban 
planning. The concepts of ‘ecosystem-based actions’ (Geneletti and Zardo 2016; 
Brink et al. 2016) and ‘nature-based solutions’ (Raymond et al. 2017) applied to 
cities suggest the active promotion of urban ES and related benefits to sustainably 
tackle a wide range of urban challenges. 

Within this framework, the integration of ES knowledge and approach in urban 
planning is indicated from many sides as a valuable strategy to address some of the 
‘wicked’ problems of todays’ urban development, from the necessary transition to 
resilience (Collier et al. 2013) to the need for sustainable approaches to address 
urban peripheries (Geneletti et al. 2017). That’s why the inclusion of ES in urban 
plans started to be considered an indicator of their quality (Woodruff and BenDor 
2016), ultimately measuring their capacity to put in place strategic actions towards 
more sustainable and resilient cities (Frantzeskaki et al. 2016). 

Integrating the ES concept and approach in urban planning processes is expected 
to provide multiple benefits. First, to clarify the ecological - structural and func¬ 
tional - foundations of ES provision, thus highlighting the links between human 
wellbeing and the state of ecosystems (Haines-Young and Potschin 2010), hence the 
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role of ecological knowledge in supporting effective planning actions (Schleyer 
et al. 2015). Second, to raise awareness on the whole range of ES and associated 
benefits that are produced by urban ecosystems, thus providing a comprehensive 
understanding of the values at stake and of the trade-offs that may arise from land- 
use decisions (de Groot et al. 2010). Third, to support the explicit identification of 
beneficiaries, including those normally under-represented in decision-making pro¬ 
cesses, thus promoting concerns for environmental justice (Ernstson 2013) and 
strengthening planners’ arguments in balancing public and private interests (Hauck 
et al. 2013b). 

In spite of these expectations, the integration of ES in urban planning is still 
limited (Cortinovis and Geneletti 2018). Haase et al. (2014), Kremer et al. (2016), 
and Luederitz et al. (2015) summarized the main challenges to face. Among others, 
they identified the need for more appropriate methods and indicators able to capture 
the heterogeneity and fragmentation of urban ecosystems, a scarce investigation of 
the relation between urban ES and biodiversity, the uncertainty about the degree of 
transferability of data and results, and the lack of analyses that account for ES 
demand by integrating people’s preferences and values, particularly in the assess¬ 
ment of cultural ES. This book intends to contribute to address some of these chal¬ 
lenges, promoting a full integration of the ES concept and approach in urban 
planning. 


1.3 Book Objectives and Outline 

This book analyses the integration of ES knowledge in urban planning showing and 
discussing how it can be promoted, to which purposes, and with what results. The 
overall objective is to provide a compact reference to the state of the art in this field, 
which can be used by researchers, practitioners, and decision makers as a source of 
inspiration for their activity. The books addresses the topic by: (i) investigating to 
what extent ES are currently included in urban plans, and discussing what is still 
needed to improve planning practice; (ii) illustrating how to develop ES indicators 
and information that can be used by urban planners to enhance plan design; (iii) 
demonstrating the application of ES assessments to support urban planning pro¬ 
cesses through case studies; and (iv) reflecting on criteria for addressing equity in 
urban planning through ES assessments that consider issues associated to supply, 
access, and demand of ES by citizens. 

Chapters 2 and 3 review current practices, and investigate the extent to which ES 
are included in different types of planning instruments for cities. The ultimate objec¬ 
tive is to understand what kind of ES knowledge is already used, and what is still 
needed to improve the content of plans, and their expected outcomes. In both chap¬ 
ters, a review framework is developed and applied to analyse the ES-related content 
of planning documents, irrespective of the terminology adopted. Chapter 2 focuses 
on urban spatial plans, and examines how nine urban ES are addressed in a sample 
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of 22 urban plans of Italian cities. The review considers both breadth (i.e., the ES 
inclusion across different plan components) and depth (i.e., the quality of ES infor¬ 
mation). Chapter 3 focuses on urban climate adaptation plans, an increasingly com¬ 
mon type of plans where ES knowledge is instrumental to inform strategies for 
so-called ecosystem-based adaptation (EbA) to climate change. The chapter pro¬ 
poses a classification of EbA measures, and reviews the extent to which they have 
been included in the climate-adaptation plans of 14 European cities, and the quality 
of the related information. 

The bottlenecks of ES inclusion in current practice that emerged from Chaps. 2 
and 3 set the basis to propose the way forward illustrated in the remaining of the 
book. Particularly, Chap. 4 presents the development of an ES model that can pro¬ 
vide information directly usable in urban planning. The chapter focuses on micro¬ 
climate regulation provided by urban green infrastructure. The model developed 
assesses the supply of this ES by different types of green infrastructure, relying on 
data that are widely available in modern urban planning practice. The application of 
the model is illustrated for the city of Amsterdam, The Netherlands. 

Chapter 5 takes the use of ES information in urban planning a step further, by 
illustrating a case study where the outcomes of ES mapping and assessment are 
used to inform planning decisions. The micro-climate regulation model presented in 
Chap. 4 is applied in the city of Trento (Italy), together with a model to assess the 
opportunities for nature-based recreation provided by green spaces. The outcome of 
both models are combined with spatial information on the potential beneficiaries of 
the selected ES, and used to compare planning scenarios related to brownfield rede¬ 
velopment. The case study demonstrates the importance of including information 
about ES demand and beneficiaries to understand the social implications of plan¬ 
ning decisions, particularly in terms of equity and environmental justice. 

Equity implications related to ES in urban planning are the subject of Chap. 6. 
This chapter identifies and discusses the key elements for analysing equity in the 
distribution of ES in cities, namely ES supply, access and demand. A case study 
application demonstrates how ES assessments should be designed, and their out¬ 
comes used, to pursue an equitable distribution of ES in cities through urban plan¬ 
ning decisions. Finally, Chap. 7 draws come conclusions and formulate 
recommendations for enhancing the use of ES knowledge in planning practice. 


Open Access This chapter is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecommons.org/ 
licenses/by/4.0/), which permits use, duplication, adaptation, distribution and 
reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, a link is provided to the Creative Commons license and any changes 
made are indicated. 

The images or other third party material in this chapter are included in the work’s Creative 
Commons license, unless indicated otherwise in the credit line; if such material is not included in 
the work’s Creative Commons license and the respective action is not permitted by statutory regu¬ 
lation, users will need to obtain permission from the license holder to duplicate, adapt or reproduce 
the material. 
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there, and what is still needed for better decisions. Land use policy 
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2.1 Introduction 

The incorporation of ecosystem services (ES) in urban plans is considered an indica¬ 
tor of their quality (Woodruff and BenDor 2016) and, ultimately, of their capacity to 
put in place strategic actions towards more sustainable and resilient cities 
(Frantzeskaki et al. 2016). Using Italy as a case study, this chapter explores how 
urban plans integrate knowledge on ES to secure or improve ES provision by con¬ 
serving, restoring, and enhancing urban ecosystems. The ultimate objective is to shed 
light on what ES information is already included in current urban plans to support 
planning actions, and what is still needed to improve their content and decisions. 

Scientists have monitored the uptake of ES in planning practices mainly following 
two approaches. The first approach investigates how practitioners, policy-makers, 
and stakeholders understand the concept of ES. Perceived opportunities and limita¬ 
tions in the use of ES in planning are usually elicited from key informants through 
interviews (see examples in Beery et al. (2016); Hauck et al. (2013a); Niemela et al. 
(2010)). The results of similar studies are useful to understand the mechanisms 
through which the uptake of ES can occur. However, being based on self-reported 
perceptions and opinions, these studies do not measure the actual level of implemen¬ 
tation of the ES concept into planning practices. The second approach reviews the 
content of documents, including strategic plans (Piwowarczyk et al. 2013), environ¬ 
mental policies (Bauler and Pipart 2013; Maczka et al. 2016), and urban plans 
(Hansen et al. 2015; Kabisch 2015) using content or keyword analysis. 
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2 Reviewing Ecosystem Services in Urban Plans 


Investigating the uptake of ES as a new planning paradigm may lead to overlook 
the fact that urban plans have a tradition of accounting for - at least some - ES. 
ES-inclusive approaches have routinely been used in planning, even though under 
different names, as it clearly emerges from both planners opinions (Beery et al. 
2016), and historical analyses of planning documents (Wilkinson et al. 2013). To 
understand how the ES approach can contribute to improve the current planning 
practices, it is necessary to identify which urban ES are addressed and how, and to 
what extent the conceptual framework of ES is already integrated in urban plans. To 
this aim, this chapter investigates the contents of plans by searching for explicit but 
also implicit references to ES, and classifying the information based on their use 
within the plan, as described in the next Section. 


2.2 Methods to Analyse ES Inclusion in Urban Plans 

We selected a sample of 22 recent urban plans of Italian cities (see Annex 1). Urban 
plans in Italy are comprehensive spatial planning documents drafted at the munici¬ 
pal level, fairly similar in content to analogous documents around the world. Their 
main tasks are: defining land-use zoning; designing and coordinating the system of 
public spaces and public services; detailing and integrating regulations and provi¬ 
sions set by higher administrative levels. The plans were analysed through a directed 
qualitative content analysis composed of the three steps described next. 


2.2.1 Assessing the Breadth of Inclusion 

We considered the following urban ES: food supply, water flow regulation and run¬ 
off mitigation, urban temperature regulation, noise reduction, air purification, mod¬ 
eration of environmental extremes, waste treatment, climate regulation, and 
recreation. Following previous content analyses of urban plans (Geneletti and Zardo 
2016; Woodruff and BenDor 2016), we identified three main plan components: 
information base, vision and objectives, and actions. The information base compo¬ 
nent illustrates the background knowledge that supports planning decisions. The 
vision and objectives component states the long-term vision of the plan and the 
targets that the plan pursues. The actions component illustrates decisions taken by 
the plan, including strategies and policies (projects, regulations, etc.) that are envi¬ 
sioned to achieve the objectives. Urban ES and plan components are cross-tabulated 
in a table, which is filled for each plan under investigation by analysing both its 
textual and cartographic documents, and reporting the relevant content. The number 
of filled cells in the table allows measuring the overall breadth of inclusion of the 
analysed ES. We adopted the formulation of the breadth score indicator proposed by 
Tang et al. (2010) and later applied by Kumar and Geneletti (2015). We calculated 
the breadth score both for the whole plans and for each component individually. 
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2 . 2.2 Assessing the Quality of Inclusion 

Quality is conceptualized as the presence of desired characteristics, described 
through criteria that high-quality plans are expected to meet (Berke and Godschalk 
2009). We built on the scoring protocol developed by Baker et al. (2012), and 
adopted a 5-point scale, with scores ranging from 0 (no inclusion) to 4 (high-quality 
inclusion). A plan is awarded the highest score in the information base component 
when it acknowledges the links between ecosystems and human wellbeing, identi¬ 
fies functions and processes that determine the provision of ES, and applies this 
knowledge to a quantitative assessment of the local provision that also includes an 
analysis of demand and beneficiaries (Table 2.1). 


Table 2.1 Scoring protocol for the information base component. The examples are taken from the 
analysed plans (own translation). Plan ID codes are reported in Annex 1 


Score 

Description 

Example 

0 

The plan contains no evidence of the 
ES concept. 

- 

1 

The plan acknowledges the link 
between ecosystems and ES supply, 
either explicitly as part of the 
information base, or implicitly in the 
description of objectives and actions. 

“Urban green areas [...] guarantee protection of 
biodiversity inside the city as well as recreation 
and compensation of anthropogenic impacts.” 
[explicit] (Source: PI2) 

“Acoustic green belts with a minimum length of 
50 m [...] must be composed of evergreen 
broadleaves hedges or trees, with preference for 
fast growing, indigenous species with large 
crowns”, [implicit in the description of actions] 
(Source: P21) 

2 

The plan mentions functions and 
processes on which ES provision 
depends, and identifies the elements 
that define ES potential. However, it 
lacks local application and analysis. 

“Urban micro-climate [...] can be enhanced by 
the presence of vegetation [...]. A continuous 
green network that crosses the city, linked to the 
countryside, constitutes a ventilation corridor 
that enhance urban micro-climate. The most 
relevant biophysical process that determines the 
effects of vegetation on urban climate is the 
transpiration (...)”. (Source: P06) 

3 

The plan shows a limited level of 
locally specific application of the ES 
concept. A basic qualitative 
assessment of the current state of ES 
is performed, but detailed analysis, 
quantitative measurements, and clear 
identification of demand and 
beneficiaries are lacking. 

“Land-use changes determine an increase in soil 
sealing with higher storm water run-off. [...] The 
increase in soil sealing and, consequently, in the 
flow rates produced by the reference rain event 
were quantified based on the distribution of sealed 
surfaces (e.g. streets, roofs) and permeable surfaces 
(e.g. parks) in each transformation area, as 
proposed by the draft masterplan”. (Source: P20) 

4 

The plan shows an in-depth 
application of the ES concept in the 
analysis of the local provision of 
urban ES, including quantitative 
measurements, detailed assessment, 
and identification of demand and 
beneficiaries. 

Spatially explicit mapping of the accessibility to 
recreational areas (5 classes of accessibility), and 
quantification of beneficiaries broken down by 
age group (< 3; between 4 and 7; between 8 and 
14; > 64 years). (Source: P04) 
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Table 2.2 presents the scoring protocol used for the vision and objectives com¬ 
ponent. A plan is awarded the highest score when it defines locally specific prin¬ 
ciples and quantitative targets for the enhancement of ES provision. A high-quality 
vision and objectives component is expected to coordinate public and private land- 
use decisions to achieve the defined goals (Berke and Godschalk 2009), and, more 
specifically, to guide the choice of the best planning alternatives in terms of both 
“what” and “where” (Kremer and Hamstead 2016). For the actions component, we 
assigned a binary score to record the presence, for each urban ES, of at least one 
action (as in Wilkinson et al. (2013)). We then defined the overall quality of the 
component as the share of ES addressed by at least one action in the plan. To mea¬ 
sure the overall quality of inclusion in the sample, we adopted the depth indicator 
proposed by Tang et al. (2010), which calculates the average score considering 
only the plans with a non-zero score in the component. We calculated the indicator 
for each urban ES for the information base and for the vision and objectives 
components. 


Table 2.2 Scoring protocol for the vision and objectives component. The examples are taken from 
the analysed plans (own translation). Plan ID codes are reported in Annex 1 


Score 

Description 

Example 

0 

The plan contains no evidence of 
objectives related to the ES. 

- 

1 

The plan defines objectives of 
ecosystem conservation/ 
enhancement, which are expected to 
affect positively ES provision, but 
does not directly refer to ES. 

“Allow the restoration of river sides, particularly 
of potential flooding risk areas and retention 
areas that control overflows”. (Source: PI 1) 

2 

The plan defines objectives directly 
related to ES provision. However, 
they are entirely descriptive, and lack 
local application and analysis. 

“Tree planting, enlargement of existing green 
areas, and hedge planting must be encouraged to 
enhance the local micro-climate (including air 
purification, noise abatement, and mitigation of 
the heat island caused by impermeable 
surfaces)”. (Source: P07) 

3 

The plan defines qualitative 
objectives directly related to ES 
provision through a locally specific 
analysis and application of the ES 
concept. 

[In the peri-urban areas] “the municipal 
administration envisions the drafting of a 
specific plan [...] for the safeguard and 
enhancement of green recreational areas and 
green belts, aimed at increasing the absorption 
of particulate matter and the reduction of the 
urban heat island effect.” (Source: P10) 

4 

The plan defines objectives and 
quantitative targets related to ES 
provision through a locally specific 
analysis and application of the ES 
concept. 

“The objective of increasing the amount of 
public green areas up to three times the existing 
can also be reached by making the 22% of the 
actual inaccessible green areas accessible and 
usable. This way, the green area per inhabitant 
doubles and exceeds the 30 Km 2 /inhabit..”. 
(Source: P09) 
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2.2.3 Analysing Planning Actions 

We investigated three action properties, namely typology, target area, and imple¬ 
mentation tool. The typology describes the type of intervention on urban ecosys¬ 
tems, i.e. conservation, restoration, enhancement, or new ecosystem. The target area 
describes the scale of the planning action and the spatial distribution of the interven¬ 
tions within the city, i.e. widespread over the whole territory, targeting specific 
areas, or limited to specific sites. The implementation tool describes the type of 
legal instruments provided to implement the action, i.e. regulatory tools, design- 
based tools, incentive-based tools, land acquisition programs, or other tools 
(Table 2.3). A list of planning actions addressing each of the nine urban ES was 
compiled for each plan. Then, actions were classified with respect to the three prop¬ 
erties, and recurrent combinations were identified both in the whole sample and for 
each urban ES. 


Table 2.3 Categories and sub-categories adopted for classifying planning action properties 


Typology 

Description 

Conservation 

Action aimed at preserving the current state of urban ecosystems in 
order to secure the provision of ES. ( e.g. preserving existing wetlands) 

Restoration 

Action aimed at recovering the health and functionality of urban 
ecosystems in order to get back to a level of ES provision offered in the 
past. (e.g. de-paving sealed surfaces) 

Enhancement 

Action aimed at improving the state of existing urban ecosystems in 
order to enhance the provision of ES. (e.g. enlarging existing urban 
parks ) 

New ecosystem 

Action aimed at creating new urban ecosystems in order to provide new 
ES in an area. (e.g. planting street trees) 

Target area 

Description 

Widespread 

The action targets all the future interventions of a certain typology, (e.g. 
new building interventions, demolitions and reconstructions, large 
urban transformations) 

Specific areas 

The action targets one or more zones in which the plan divides the city, 
or areas in the city identified by the presence of a specific issue, (e.g. 
industrial sites, agricultural fragments) 

Specific sites 

The action targets a specific project site or transformation area 
envisioned by the plan (e.g. a specific urban park, a specific brownfield 
to be re-developed) 

Implementation tool 

Description 

Regulatory tools 


Building code 
standard or 
requirement 

Definition of a standard or a requirement in the building code that must 
be met when developing or re-developing an area. 

Compensation 

measure 

Definition of a compensation measure (e.g. payments for realizations, 
mandatory land property transfers), including its rationale and 
quantification. 


(continued) 
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Table 2.3 (continued) 


Conservation zone or 
protected area 

Definition of a boundary for a conservation zone or a protected area, 
and of the rules (restrictions and limitations) that must be respected 
within this area. 

Other regulatory 
tools 

All the other types of actions undertaken through regulatory tools (e.g. 
density regulations, permitted and forbidden uses related to zoning). 

Design-based tools 

Definition of specific design solutions to implement either in public 
projects or in privately lead urban developments. 


Incentive-based tools 


Preferential tax 

treatment 

Definition of a financial incentive in the form of a preferential tax 
treatment (usually a reduction in planning fees). 

Density bonus 

Definition of a non-financial incentive in the form of an increase in the 
surface (or volume) that is allowed in the area. 

Transfer of 
development rights 

Definition of a “transfer of development rights” mechanism: the 
development right is assigned to an area as a compensation for the 
placement of a conservation easement that prevents further 
development, and can be applied in other areas or sold. Participation is 
on a voluntary basis. 

Other incentive- 
based tools 

This category includes all the other types of incentive-based tools, such 
as the possibility of realizing specific interventions under certain 
conditions. 

Land acquisition 
programs 

Definition of a program for land acquisition by the public 
administration, with the aim of realizing a public project. 


Other tools 


Principles for public 
space design 

Definition of design principles and guidelines (non-compulsory) that 
should be applied in the realization of public spaces. 

Principles for 

territorial 

management 

Declaration of principles that the municipal administration will follow 
in the management of the territory (e.g. commitment in administrative 
processes or in the implementation of future planning documents). It 
also includes assessment criteria for proposed interventions, when no 
incentive is envisioned. 

Promotion of good 
practices 

Suggestion of principles, good practices, best available techniques, etc. 
(non-compulsory) to apply in private areas. 


2.3 Results 

2.3.1 Breadth ofES Inclusion in Urban Plans 

Figure 2.1 shows the breadth score indicator measuring the overall inclusion in 
plans (i.e. inclusion in at least one component). Urban ES are clearly divided into 
two groups: five urban ES are included in almost all plans in the sample (breadth 
score > 85%), whereas around half of the plans consider the other four urban ES 
(breadth score between 45% and 55%). Figure 2.2 breaks down the breadth score by 
plan component. The frequency of mention in the information base and in the 
actions components is similar across ES, although values for the latter are slightly 
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ecosystem service 

Fig. 2.1 Breadth score indicator measuring the inclusion of urban ES in at least one component of 
plans. ES are named as follows: (a) food supply, (b) water flow regulation and runoff mitigation, 
(c) urban temperature regulation, (d) noise reduction, (e) air purification, (f) moderation of envi¬ 
ronmental extremes, (g) waste treatment, (h) climate regulation, (i) recreation 


100 % 



ecosystem service 


■ information base ■ vision and objectives actions 


Fig. 2.2 Breadth score indicator measuring the inclusion of urban ES in the three plan compo¬ 
nents. ES are named as follows: (a) food supply, (b) water flow regulation and runoff mitigation, 
(c) urban temperature regulation, (d) noise reduction, (e) air purification, (f) moderation of envi¬ 
ronmental extremes, (g) waste treatment, (h) climate regulation, (i) recreation 
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higher. The frequency of mention in the vision and objectives component is gener¬ 
ally lower, with the only two exceptions of food supply and recreation, which are 
mentioned evenly in the three components. 


2.3.2 Quality ofES Inclusion in Urban Plans 

The overall quality of ES inclusion (Fig. 2.3) is generally low, with only two plans 
in the sample reaching the score of 1.5 in the 0-3 range obtained by summing the 
normalized scores in the three components. The actions component receives the 
highest average normalized score (0.65), while normalized scores for the informa¬ 
tion base and the vision and objectives components are lower than 0.5 in all plans. 
When looking at the distribution of quality scores for the different urban ES in the 
different plan components, it emerges that the most common quality score in the 
information base component is equal to 1. However, the same pattern discussed for 
the breadth indicator emerge with respect to the different ES. Although the overall 
performance is quite poor, five ES (water flow regulation and runoff mitigation, 
recreation, air purification, noise reduction, and urban temperature regulation) are 
addressed in this component more often and with a higher quality compared to the 
others. Water flow regulation and run-off mitigation and recreation are the only ones 
for which some of the plans were given the highest scores. However, only analyses 
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Fig. 2.3 Overall quality of ES inclusion calculated as the sum of the normalized scores obtained 
in the three components. Plan IDs can be found in Annex I 
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of recreation show, in some cases (around 30%), consideration for demand and 
beneficiaries. In the vision and objectives component, the pattern is less clear. Here, 
the most common quality score is 0, which indicates the absence of any reference to 
ES. However, the highest scores (3 and 4) are more frequent than in the information 
base component, and are found at least in one plan for almost all ES, even though a 
quality score of 4 is again obtained only by water flow regulation and runoff mitiga¬ 
tion and recreation. The depth score indicator (Fig. 2.4) confirms that, when ES are 
considered, the average quality of the vision and objectives component is higher 
compared to the information base component. 


2.3.3 Actions Related to ES in Urban Plans 

In total, 526 actions addressing urban ES were identified, distributed as shown in 
Fig. 2.5. Recreation is by far the most commonly address ES, with an average of 
more than eight actions per plan. An average of three to four actions per plan address 
water flow regulation and runoff mitigation, noise reduction, and air purification, 
with implicit acknowledgement of the demand for mitigation of these common 
urban environmental problems. The other services are addressed on average by less 
than two actions per plan. Table 2.4 lists the most frequent actions for each urban 
ES, based on the type of intervention proposed. 

Figure 2.6 describes the distribution of actions according to the three properties 
(typology, target area, and implementation tool). New interventions, such as the 
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Fig. 2.4 Depth score indicator measuring the quality of inclusion of urban ES in the information 
base and in the vision and objectives components. ES are named as follows: (a) food supply, (b) 
water flow regulation and runoff mitigation, (c) urban temperature regulation, (d) noise reduction, 
(e) air purification, (f) moderation of environmental extremes, (g) waste treatment, (h) climate 
regulation, (i) recreation 
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200 



ecosystem service 


Fig. 2.5 Number of actions addressing each ES in the whole sample of plans. ES are named as 
follows: (a) food supply,(b) water flow regulation and runoff mitigation, (c) urban temperature 
regulation, (d) noise reduction, (e) air purification, (f) moderation of environmental extremes, (g) 
waste treatment, (h) climate regulation, (i) recreation 


Table 2.4 Groups of actions based on the type of intervention proposed. Only actions recurring in 
more than three plans are reported 


Urban ES and related actions 

Number of 
plans 

Food supply 


Realization of new allotment gardens 

6 

Conservation of existing allotment gardens and residual agricultural patches 

4 

Water flow regulation and runoff mitigation 


Prescription of a minimum share of unsealed surfaces to maintain in new 

14 

developments 


Prescription of permeable pavements for parking areas, cycling paths, etc. 

9 

Realization of green roofs 

6 

Realization of bio-retention basins or other ecosystem-based approaches to 

6 

storm-water management 


De-paving 

5 

Urban temperature regulation 


Provision of trees to shade parking areas 

10 

Creation of new green areas/enlargement of existing green areas 

7 

Noise reduction 


Realization of green barriers/areas for noise shielding from infrastructures 

15 

Realization of green barriers/areas for noise shielding from factories and plants 

15 

Soil modeling for noise protection 

4 

Generic use of green for noise shielding 

4 


(continued) 
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Table 2.4 (continued) 


Urban ES and related actions 

Number of 
plans 

Air purification 


Realization of green barriers/areas for air purification from traffic emissions 

15 

Realization of green barriers/areas for air purification from industrial emissions 

13 

Creation of woodlands and urban forests 

5 

Generic use of green for air purification 

4 

Conservation of existing green areas 

4 

Realization of green roofs and green walls 

4 

Moderation of environmental extremes 


Enlargement of river areas and conservation/reclamation of floodplains 

8 

Waste treatment 


Climate regulation 


Realization of Kyoto-forests and new woodlands 

8 

Increase of public green areas 

5 

Recreation 


Realization of new public green spaces and urban parks 

16 

Strengthening walking and cycling accessibility among green areas and with the 
rest of the city 

16 

Increasing fruition of green spaces through new walking and cycling paths 

14 

Restoration of existing green areas aimed at increasing their use 

14 

Promotion of new functions and uses in the existing green spaces 

12 

Enlargement of existing green spaces 

8 

Identification of opportunities for recreation in agricultural areas 

8 

Realization of peri-urban parks 

7 

Opening of existing private/unused gardens and green spaces to public use 

6 
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realization of new green areas, represent the most common typology of action 
(53%). Around 44% of the actions rely on design-based implementation tools (e.g. 
projects included in the plan), through which the public administration can control 
action implementation with a quite high level of detail. Regulatory tools, particu¬ 
larly the definition of standards and other specific requirements in building codes, 
and other tools, such as the suggestion of good practices, are also among the most 
common, both with 25% of the sample. Incentive-based tools (e.g. density bonuses) 
and land acquisition programs are the least adopted tools, and accounts for only 4% 
and 3% respectively. In terms of target areas, specific sites are the most common 
and represent the target of 50% of the actions. These include, for example, the res¬ 
toration of specific ecosystems, the identification of conservation areas, and the 
realization of new urban parks. Around 29% of the actions target specific areas in 
the municipal territory, such as regulations to be applied in industrial areas or safe¬ 
guards to protect agricultural patches. Finally, 21% of the actions are widespread. 
These include requirements for all new building interventions and rules to respect in 
case of demolitions and reconstruction. 

Actions on specific sites are usually implemented through design-based tools, 
while actions on specific areas are generally implemented through regulatory tools 
or other “soft” tools such as the suggestion of good practices. Soft tools also clearly 
prevail in the case of widespread measures. Concerning typologies, conservation 
actions are more often implemented through regulatory tools, while for both 
enhancement and restoration activities the preferred tools are design-based. For 
example, new conservation areas are often defined through a boundary in the maps 
and a set of rules, while restoration measures are often proposed through a more 
detailed design. 

When looking at individual ES, conservation actions are the preferred typology 
for improving food supply (conservation of agricultural patches) and water flow 
regulation and runoff mitigation (conservation of existing unsealed surfaces). 
Recreation is mostly promoted through enhancement interventions on existing 
green and blue areas. Water flow regulation and runoff mitigation also differs in 
term of target areas and, consequently, implementation tools, mostly prescriptions 
related to the share of unsealed surfaces to maintain in new developments. Two 
other ES do not have design-based as the preferred tools: food supply, for which 
40% of the actions consist in principles for territorial management, and waste treat¬ 
ment, which is commonly addressed through the promotion of good practices. 


2.4 Conclusions 

Our review of 22 urban plans focused on the use of the ES concept as a tool to sup¬ 
port decision-making (Mckenzie et al. 2014), as opposed to the explicit uptake of 
the term “ecosystem services”. Similarly to what has been observed for the concept 
of sustainable development (Persson 2013), our hypothesis was that an effective 
integration should build on what is already there, and follow a mechanism of 
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Table 2.5 Summary of the main findings 


What is already there 

What is still needed 

Urban planning addresses urban ES through a high 
number and a great variety of actions 

Scientific knowledge is only partly 
transferred to planning practices 

A wide range of local problems can be addressed 
through ES-based actions 

There is little guidance on how to 
incorporate information on ES into 
planning processes 

Urban planners are already equipped with a large set of 
tools to implement ES-related actions 

Usable methods to assess urban ES 
at a relevant scale while accounting 
for multi-functionality of 
ecosystems are still lacking 

Recreation provided by urban ecosystems, although not 
linked to the ES concept, is widely acknowledged and 
promoted by planning actions 

Plans contain no analyses of ES 
demand and of the existing and 
expected beneficiaries (with the 
only exception of recreation) 

A set of key regulating ES to address pressing urban 
environmental problems (i.e. water flow regulation and 
runoff mitigation, air purification, urban temperature 
regulation, and noise reduction) are widely acknowledged 
and addressed 

ES are not considered a strategic 
issue in urban planning 


“internalization” that does not necessarily require rethinking or reshaping current 
practices. Our findings, summarized in Table 2.5, reveal that current urban plans 
already include a high number of ES-related actions and a variety of tools for their 
implementation. This indicates that planners have the capacity and the instruments 
to enhance the future provision of urban ES. Actions in the analysed plans often go 
beyond those ordinarily mentioned as good practices, and the range of issues that 
they address is wider. This demonstrates a certain level of creativity that, combined 
with traditional ecological knowledge and the understanding of local social- 
ecological systems, enables the design of locally relevant interventions. 

However, our study unveils a two-speed integration of urban ES, with a set of 
services that are widely addressed by urban plans (recreation, above all, but also 
regulating services linked to environmental problems typical of urban areas), and 
others that are hardly considered. The least considered (e.g. waste treatment and 
moderation of environmental extremes) are also the least popular in the scientific 
literature (Haase et al. 2014), and when they are included in urban plans, their treat¬ 
ment is very shallow (e.g. suggestion of one-fits-all good practices). This can be 
ascribed, at least partly, to gaps in the scientific literature, which has not produced 
methods and guidance that fit urban planning practices. 

A further understanding and appropriation of the ES approach by urban planning 
would benefit future practices in many respects. First, it could promote consider¬ 
ation of a larger set of urban ES, at least in the initial phases of planning processes, 
thus increasing awareness of all values at stake, highlighting co-benefits and trade¬ 
offs that may arise from planning actions, and making prioritization more transpar¬ 
ent. Second, it could strengthen the consideration of ES as a strategic issue for urban 
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planning, thus promoting the definition of objectives and targets for ES enhance¬ 
ment, and ensuring long-term commitment in the implementation and monitoring of 
planning actions. Finally, it could support the explicit identification of ES demand 
and beneficiaries, thus improving baseline information to address urban environ¬ 
mental equity, and providing planners and decision-makers with stronger arguments 
against conflicting interests on land-use decisions. 


Open Access This chapter is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecommons.org/ 
licenses/by/4.0/), which permits use, duplication, adaptation, distribution and 
reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, a link is provided to the Creative Commons license and any changes 
made are indicated. 
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3.1 Introduction 

In this chapter, we focus on one specific type of urban planning instrument, which 
has become increasingly common in the last years: urban climate adaptation plans. 
In these plans, ecosystem service (ES) knowledge is instrumental to propose strate¬ 
gies for ecosystem-based adaptation (EbA) to climate change. EbA is defined as the 
use of biodiversity and ES to help people to adapt to the adverse effects of climate 
change. EbA approaches include management, conservation and restoration of eco¬ 
systems that, by delivering ES, can help to reduce climate change exposure and 
effects (Munang et al. 2013). EbA can play an important role in urban contexts and 
help to cope with increased temperature, flood events, and water scarcity by reduc¬ 
ing soil sealing, mitigating the heat island effect, and enhancing water storage 
capacity in urban watersheds (Gill et al. 2007; Grimsditch 2011; Muller et al. 2014). 

The recent literature has addressed the potential role of EbA in cities (Berndtsson 
2010; Bowler et al. 2010b; Muller et al. 2014). In particular, Demuzere et al. (2014) 
presented a comprehensive analysis of the available empirical evidence about the 
contribution of green infrastructures to climate change adaptation in urban areas. 
Nevertheless, the concept of EbA is still relatively new for cities, and little evidence 
is available on the inclusion of EbA measures in actual urban plans and policies 
(Wamsler et al. 2014). Urban planning, at least in more industrialized countries, has 
been increasingly addressing climate adaptation strategies and actions, as shown by 
recent reviews of planning documents undertaken for cities in Europe (Reckien 
et al. 2014), the UK (Heidrich et al. 2013), Australia (Baker et al. 2012) and North 
America (Zimmerman and Faris 2011). However, none of these papers addresses 
specifically EbA. 
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In this chapter, we develop a framework to analyse the inclusion of EbA in urban 
climate adaptation planning, and apply it to a sample of plans in Europe. Specifically, 
we aim at answering the following questions: 

- What are the most common EbA measures found in urban climate adaptation 
plans? To what climate change impact do they respond? 

- In what parts of the planning documents are EbA measures present? How well 
and how consistently are they treated? 

The ultimate purpose of the chapter is to provide an overview of the current state 
of the art related to the inclusion of ES in urban climate planning through EbA, and 
use it to identify and discuss the main shortcoming and propose possible solutions. 


3.2 Methods to Analyse Urban Climate Adaptation Plans 

We focused on a sample of cities considered active in climate change adaptation, by 
referring to the “C-40” initiative. The C-40 was established in 2005 as a network of 
large cities worldwide that are taking action to reduce greenhouse gas emissions and 
to face climate risks. This sample offers the advantage of providing information on 
different initiatives undertaken by cities that have been particularly active in climate 
adaptation strategies. Among the cities of the C-40 database, we selected the ones 
belonging to Member States of the European Union. We then gathered all the urban 
climate change responses in the form of planning documents approved by the rele¬ 
vant municipal authority and available on the internet (see Annex II). We use the 
term ‘climate adaptation plan’ to refer in general to plans that include strategies to 
reduce vulnerability to climate change in cities, even though the actual name of the 
plan might be different. 


3.2.1 Classification of EbA Measures 

As a first step, we identified and classified possible measures for EbA that are rele¬ 
vant for urban areas. The list of EbA proposed by EE A (2012) was revised and 
integrated with other typologies found in the literature. This resulted in the classifi¬ 
cation presented in Table 3.1, where definition, rationale and supporting references 
are provided for each measure. Measures are associated to the main climate change 
impact they are meant to reduce, even though it is recognized that synergies occur. 
For example, green roofs may contribute to reduce runoff water quantity (Berndtsson 
2010), in addition to contributing to micro-climate regulation through cooling. EbA 
measures play at different spatial scales, ranging from building-scale interventions 
(e.g., green roofs and walls) to urban-scale interventions (e.g., city wide green cor¬ 
ridors). Despite their difference in scale, the identified measures are all within the 
scope of urban plans; hence, they can be (at least partly) implemented by actions 


Table 3.1 The classification of EbA measures for urban areas adopted in this research (building on the list proposed by EEA 2012) 
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proposed in planning instruments. Measures such as river re-naturalization, in most 
cases, cannot be handled within the border of a city alone. However, urban plans 
have the possibility to implement these interventions (at least for the urban sector of 
rivers), as well as to promote coordination with other planning levels (e.g., regional 
planning, river basin planning). Thus, these measures have been included in the 
proposed classification of EbA measures relevant for urban areas. 


3.2.2 Analysis of the Content of the Plans 

As in Chap. 2, the content of the plans was divided into different components, which 
represent thematically different parts of the plans. For climate adaptation plan, four 
components were identified: information base ; vision and objectives ; actions ; 
implementation. The information base includes the analysis of current conditions 
and future trends (typically presented in the introductory parts of the planning docu¬ 
ments), which is performed in order to provide a basis for the subsequent develop¬ 
ment of the plan’s objectives and actions. Vision and objectives include the statement 
of the ambition and of the general and specific objectives that a plan intends to 
achieve. Actions include all the decisions, strategies and policies that the plan pro¬ 
pose, in order to achieve its objectives. Finally, implementation refer to all measures 
(including budget-related ones) proposed to ensure that actions are carried out. 

Similarly to the previous Chapter, a direct content analysis was performed, by 
reading all the documents associated to the selected plans and identifying - for each 
of the four components - the content related to EbA measures, using the classifica¬ 
tion presented in Table 3.1. This approach was preferred to a keyword-based analy¬ 
sis, given that there is not yet a well-established terminology in this field, and plans 
use a wide range of different wording to refer to concepts related to EbA and to ES 
in general (Braat and de Groot 2012). Hence, we searched for the presence of the 
different measures, irrespective of whether the plan used the term “EbA” or not to 
describe them. 

The content analysis followed a two-step process. First, the presence of the dif¬ 
ferent EbA measures in each plan component was searched, by using the following 
guiding questions: 

- Information base : Does it contain data/statements/analyses that show awareness 
about EbA? 

- Vision and objectives : Are there objectives associated to the development/ 
enhancement of EbA measures? 

- Actions'. Are there actions aimed at developing/enhancing EbA measures? 

- Implementation'. Do the implementation provisions include reference to EbA 
measures? 

Second, whenever the answer to the previous questions was positive, the content 
was further analysed in order to assess the extent to which EbA measures were 
addressed, by using the four-level scoring system presented in Table 3.2. Finally, an 
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Table 3.2 Scoring system used to evaluate the plan components 


Score 

Information base 

Vision and 
objectives 

Actions 

Implementation 

0 

No evidence of 
information related 
to EbA measures 

No evidence of 
objectives related to 
EbA measures 

No evidence of 
EbA measures 

No evidence of 
implementation 
provisions related to 
EbA measures 

1 

Acknowledges EbA 
measures only 
generally (not in 
connection to 
specific climate 
change issues) 

Mentions EbA- 
related objectives, 
but lacks further 
definition 

Mentions EbA 
measures, but 
lacks further 
definition 

Mentions 
implementation 
provisions related to 
EbA measures, but 
lacks further definition 

2 

Acknowledges EbA 
measures in the 
context of specific 
climate change 
issues 

Includes EbA 
measures in the 
objectives and 
provides some 
details on their 
specific content and 
how to pursue them 

Includes EbA 
measures in the 
actions and 
provides some 
details on their 
application and 
activities 

Includes EbA-related 
implementation 
provisions and provides 
some details on their 
application 

3 

Acknowledges EbA 
measures and 
describes (at least 
qualitatively) the 
potential climate 
change adaptation 
effects 

Includes EbA 
measures in the 
objectives, provides 
details on their 
content, and 
describes links with 
related planning 
and policy 
processes at the 
local/regional level 

Includes EbA 
measures in the 
actions, provides 
information on 
their application 
and activities, 
including 
locally-specific 
details 

Includes EbA-related 
implementation 
provisions and provides 
information on their 
application, including 
details on budget, 
responsible bodies, etc. 


average score was obtained for each type of EbA measure by computing the average 
value obtained by that measure in all the plans where the measure is found, and for 
all plan components. 


3.3 Results 

3.3.1 What EbA Measures are Included in the Plans 
and How? 

In total, 44 EbA measures were found in the selected plans. Figure 3.1 illustrates the 
breakdown in the seven types. As can be seen, measures c (maintaining/enhancing 
urban green) and / (maintaining and managing green areas for flood retention and 
water storage) are the most common ones, and are found in 85% of the selected 
plans. Examples of measures c include efforts to increase green areas and neigh¬ 
bourhood gardens (Paris), proposals for enhancing the connectivity among existing 
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14 



Fig. 3.1 Number of mentions of the seven types of EbA measures (see legend in Table 3.1) in the 
sample of plans 


green areas through the design of green corridors and rings (Milan), and the use of 
plants to provide shade in new industrial estates (Amsterdam). Measures /consist, 
for example, in the creation of new wetland areas and ponds (Berlin), and the design 
of green spaces to store rainwater in the event of torrential rain (Copenhagen). 

Measure b (promoting green walls and roofs) was found in 57% of the plans. For 
example, Paris’s plan contains provisions for the establishment of roof and wall 
gardens (measure b ), including the identification of priority spots for this type of 
green infrastructures. Measure e (re-naturalizing river systems) was found in 29% 
of the plans. In Madrid, for example, this consisted in a series of bank improvement 
projects aimed at reducing flood hazard and expanding riverside public space. 
Measures a , d and g (respectively, ensuring ventilation, avoiding/reducing impervi¬ 
ous surfaces, and promoting climate-adapted vegetation and sustainable watering) 
were less common, and found only in 14-21% of the plans. For example, concern¬ 
ing measure a , cold air networks to ensure ventilation and prevent over-heating are 
mentioned in Copenhagen’s plan, whereas Madrid’s provides for the promotion of 
ecobarrios where ventilation will be one of the factors considered in the design of 
greening interventions. Berlin’s plan attains the reduction of impervious surfaces 
(measure d ) through renovation projects for buildings and school playgrounds that 
include interventions to improve soil permeability and in situ infiltration. Finally, 
concerning measure g , Venice’s plan promotes the use of autochthonous species 
adapted to the local climate, and Madrid’s contains detailed guidelines for “sustain¬ 
able gardens” with recommendations for the selection of plant species and sustain¬ 
able watering systems. 

The results of the application of the scoring systems were used to compute an 
average score for each type of EbA measure (Fig. 3.2), representing the average 
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Fig. 3.2 Average scores of the seven types of EbA measures (see legend in Table 3.1) 

value obtained by the measure in all the plans where it is found, and for all plan 
components. The average score ranges from 1.1 (achieved by measures a and g) to 
2.4 (measures e). Measures c and/, which are the most frequently found, are also 
the ones with the highest scores, together with action e. 


3.3.2 How Are EbA Measures Reflected Within Plan 
Components? 

Figure 3.3 shows in which plan components EbA measures are reflected. About 91% 
of the measures are present in the vision and objectives component. This means that, 
when a plan includes an EbA measure, this is very often listed as (part of) one of the 
objectives that the plan intends to achieve. For example, Paris’s plan objectives 
include the development of a multi-year scheme to promote roof gardens. Almost 
91% of the EbA measures are addressed in the actions component, meaning that the 
plans include specific policies or activities to attain them. For example, Milan’s plan 
includes a series of linear greening interventions along canal banks, roads, biking 
routes, etc. The information base component of the plans contains data relevant to 
EbA measures only in 79% of the cases. That is, 21% of the measures found in the 
plans are not supported by any baseline information or analysis. Even when baseline 
information is present, this consists mostly of general statements and descriptions. 
For example, Berlin’s plan contains descriptions of how energy efficiency of build¬ 
ings or industry could be usefully combined with projects to support sustainable 
local water management systems, by increasing the permeability of soil and planting 
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Fig. 3.3 Frequency of presence of information about the 44 EbA in the different plan 
components 


vegetation. The implementation component of the plans performs even more poorly: 
references to EbA measures are found in only 52% of the cases. Therefore, about half 
of EbA measures are not associated to any action to ensure that they are carried out. 
When information about implementation measures are present, this consists mainly 
of budget-related details, as for example in the case of Madrid’s plan (where each 
action is linked to a plan of implementation and budget), and Rotterdam’s, where 
there are indications about green roofs subsidies. 

In order to assess how well EbA measures are reflected within the different plan 
components, we computed the average score obtained by all EbA measures that are 
found in each of the four components. For example, out of the 44 EbA measures, 35 
are present in the information base component of the selected plans. The average 
score represents the average of the scores obtained by these 35 EbA according to the 
adopted scoring system. The results show that actions component scored the highest 
(average score: 2.8), followed by the implementation (2.5), the vision and objectives 
(2.2) and the information base (1.8). Concerning the good performance of actions , 
examples include London’s plan, which describes in detail the actions and associ¬ 
ated sub-actions, specifies the responsible bodies and identifies links with other 
plans and policies. Similarly, Madrid’s plan provides action fact-sheets, with the 
identification of responsible bodies and associated budget. The poorer scores of the 
visions and objectives component are because their description tend to be very gen¬ 
eral. The information base typically lacks details on the links between measures and 
climate-related issues, particularly concerning the results expected from the appli¬ 
cation of the measure. 

Finally, Fig. 3.4 provides a visual overview of the distribution of information on 
the identified EbA measures across plan components. This figure helps to understand 
how consistently EbA measures are treated across the different plan components, and 
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EbA measures addressed in 'information 
base' only 

EbA measures addressed in 'vision and 
objectives' and 'actions' 

EbA measures addressed in 'information 
base' and 'vision and objectives' 
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objectives', 'actions' and 'implementation' I 

EbA measures addressed in 'information 
base', 'vision and objectives' and 'actions' I 

EbA measures addressed in all plan ■ 
components 
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Fig. 3.4 Distribution of information on the identified EbA measures across the plan components 
(see text for further explanation) 

where the gaps are. The figure shows that the 44 EbA measures identified in the plans 
can be grouped in six categories: 

- Measures addressed in all the four plan components, from the information base 
through the implementation. This is obviously the most desirable situation, but it 
occurred only for 45.5% of the EbA measures. In all other cases, at least one 
component is lacking; 

- Measures addressed in the first three components of the plans, but not in the 
implementation part. This occurs for 22.7% of the EbA measures; 

- Measures addressed only in the vision and objectives and actions with no links 
to the information base or implementation (13.6%); 

- Measures addressed only in the information base and vision and objectives , with 
no follow-up in the rest of the plan (6.8%); 

- Measures addressed in the information base only, with no follow-up in the rest 
of the plan (2.3%) 

- Measures addressed in the vision and objectives , actions and implementation 
components, with no links to the information base (2.3%). 




3.4 Conclusions 


The review concluded that maintaining/enhancing urban green spaces (e.g., ecological 
corridors, trees, gardens) is the most common measure, showing that there is strong 
awareness of the role that green areas play in addressing climate change challenges, 
both in terms of mitigating heat waves (measure c) and preventing floods (measure/). 
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The frequency of these measures is perhaps not surprising giving that they result in the 
enhancement of green areas, which is a typical objective that planners pursue to 
improve the urban space for a variety of purposes that go beyond climate change adap¬ 
tation (e.g., providing recreation opportunities, improving air quality) (Tzoulas et al. 
2007). So, their frequency could be explained by the fact that these measures rely on 
actions that are part of the standard approaches applied by planners for decades. 

A general conclusion suggested by the review is that EbA measures are finding 
their way in climate adaptation plans, in response to a broad range of climate change 
challenges. However, a critical issue that we detected is that the proposal of these 
EbA measures in the plans is rarely backed-up by specific information on the 
expected outcomes, as well as the target beneficiaries. For example, the enhance¬ 
ment of green areas to reduce heat or to prevent floods is typically proposed as a 
general measure that will do some good, without providing details and justification 
for critical decisions, such as the design and the location of these interventions, and 
the distribution and vulnerability of the expected beneficiaries. Most plans are 
affected by a lack of specificity and details that may hamper the possibility for these 
measures to be actually implemented, as well as their overall effectiveness. 

The baseline information upon which EbA measures are proposed and designed 
needs to be enhanced. Methods to assess the existing stock of green/blue infrastruc¬ 
tures, and their potential to provide climate adaptation services must be main¬ 
streamed in planning practice. Particularly, assessments of the flow of ES at local 
scales are often missing, given that many climate change impact and vulnerability 
studies provide results at larger scales, which limits their usefulness for developing 
local adaptation strategies (Vignola et al. 2009). A better knowledge base, including 
information on spatial pattern of vulnerability, would allow better targeting the 
design and implementation of EbA measures. The limited knowledge base used to 
design ES-related actions, as well as the lack of information about ES beneficiaries, 
have emerged as critical issues also in the review of urban plans presented in 
Chap. 2. The next two chapters address these issues. Chapter 4 illustrates a model 
that can help planners to assess the provision of a specific ES (micro-climate regula¬ 
tion), and to design urban green space accordingly. In Chap. 5, the outcomes of this 
and other ES models are combined with information on the potential beneficiaries 
to support urban planning interventions. 
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4.1 Introduction 

Among the natural disasters occurring in Europe, heat waves cause the most human 
fatalities (EEA 2012). During the summer of 2003, for example, the heat wave in 
Central and Western Europe is estimated to have caused up to 70,000 excess deaths 
over a four-month period (EEA 2012). During the same period, in Germany alone, 
heat-related hospitalization costs had increased six-fold, not including the cost of 
ambulance treatment, while heat-related reduction of work performance caused an 
estimated output loss of almost 0.5% of the GDP (Hiibler et al. 2008). In many 
regions of the world, climate change is expected to increase the effects of heat 
waves, including the rising of temperatures in cities (Koomen and Diogo 2015). 

As shown in the previous chapter, the creation and enhancement of Urban Green 
Infrastructures (UGI) to regulate micro-climate and combat summer heat is one of 
the most common Ecosystem-based adaptation measure. By the virtue of their cool¬ 
ing capacity, i.e. capacity to modify temperature, humidity and wind fields, UGI can 
contribute to reducing high temperatures in cities, and lowering the related health 
risks (Lafortezza et al. 2013; Escobedo et al. 2015). Studies have shown that UGI 
have the capacity to mitigate high temperature in the summer, lowering them up to 
6 °C (Souch and Souch 1993; McPherson et al. 1997). The creation and restoration 
of UGI, maximizing their cooling capacity, can reduce energy costs for air condi¬ 
tioning in summer and contribute to lowering mortality induced by higher tempera¬ 
tures (Koomen and Diogo 2015). 

Urban plans represent a key governance instrument to design and enhance UGI 
(Kremer et al. 2013). However, as shown by our review in Chap. 3, despite the good 
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awareness of the potential role of UGI to address climate change challenges, their 
inclusion in plans at the urban level often lacks sufficient baseline information 
(Geneletti and Zardo 2016). UGI may be very different in nature, including typolo¬ 
gies such as parks, gardens, forests, green roofs and walls, and rivers (Naumann 
et al. 2011; Pauleit et al. 2011; EEA 2012). In turn, each typology may differ in key 
components (e.g. soil cover, tree canopy cover, size and shape), thus providing dif¬ 
ferent ES, with different capacity (Bolund and Hunhammar 1999; Chang et al. 
2007; de Groot et al. 2010; Bowler et al. 2010b). 

This chapter presents an approach for estimating the cooling capacity provided 
by UGI tailored to support urban planning. The proposed approach, by providing 
guidance for UGI planning and design, is expected to support urban planners in 
effectively including the design and enhancement of UGI into the planning practice 
as a measure to cool cities and combat urban heat islands. In the remainder of the 
chapter, the approach is described, and applied to the city of Amsterdam, The 
Netherlands. 


4.2 Methods to Assess the Cooling Capacity of UGI 

As shown in Fig. 4.1, the proposed approach consists of five main steps. As a first 
step, the ecosystem functions of UGI that determine the cooling capacity are identi¬ 
fied, following the cascade model (Haines-Young and Potschin 2010). Hence, the 
components associated to such ecosystem functions are defined, and their individual 
contribution to the cooling capacity assessed. Subsequently, the contributions are 
aggregate to determine the overall cooling capacity of the UGI. More specifically, 
the cooling capacity and the associated change in temperature are assessed for a set 
of UGI typologies, consisting of different combinations of tree canopy coverage, 
soil cover, and size. The proposed approach is based on an extensive analysis of the 
literature to determine the cooling capacity of UGI in three different climatic 
regions: Atlantic region, Continental region and Mediterranean region, as defined 
according to the classification of climate regions by the European Topic Center on 
Biological Diversity (ETC/BD 2006). 

Shading, evapotranspiration (ETA) and wind shielding are the three ecosystem 
functions that determine the cooling capacity of UGI (EEA 2012; Gomez-Baggethun 
and Barton 2013; McPhearson et al. 2013; Smith et al. 2013; Larondelle and Haase 
2013). In fact, vegetation regulates urban micro-climate in three ways: (i) by inter¬ 
cepting incoming solar radiation (shading), (ii) through the process of evapotranspi¬ 
ration, and (iii) by altering air movement and heat exchange. Shading and 
evapotranspiration are the ones that contribute the most to the cooling effect of UGI 
(Skelhorn et al. 2014). The contribution of wind to cooling capacity assessments, on 
the other hand, is rather complex to consider given its dependency on case-specific 
conditions (e.g. presence of buildings and directions of streets), that are not directly 
linked to ecosystem functions or components of UGI (Bowler et al. 2010b). Shading 
and evapotranspiration are determined by the structure of the ecosystem, i.e., the 
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SHADING ASSESSMENT 


EVAPQTRAN SPI RATION ASSESSMENT 



COOLING CAPACITY OF UGI TYPOLOGIES AND 
EXPECTED TEMPERATURE CHANGE 

Fig. 4.1 Flowchart of the proposed approach to assess the cooling capacity of UGI 


architecture of its components. In particular, as shown in Fig. 4.1, shading and 
evapotranspiration are associated to three specific components of UGI; namely, tree 
canopy coverage , soil cover , and size (Taha et al. 1991; Akbari et al. 1992; Souch 
and Souch 1993; Chang et al. 2007; Cao et al. 2010; Bowler et al. 2010b; Schwarz 
et al. 2011; Larondelle and Haase 2013). 


4.2.1 Shading and Evapotranspiration Assessment 

Several studies show evidence of cooler air temperature beneath individual or clus¬ 
ters of trees, highlighting the amount of shading as an important factor affecting 
temperatures (Taha et al. 1991; Akbari et al. 1992; Bowler et al. 2010b; Schwarz 
et al. 2011; Larondelle and Haase 2013). Among the indicators proposed in the lit¬ 
erature, the tree canopy coverage , expressed as the percentage of the ground area 
shaded by tree canopies relative to the total open area, is here adopted (Potchter 
et al. 2006; Strohbach and Haase 2012). Accordingly, assuming a linear relationship 
between the presence of tree covers and shading (Potchter et al. 2006), the assess¬ 
ment of the contribution of shading can be based on a visual estimation. For exam¬ 
ple, a shading score equal to “x” is assigned to an UGI with an x% tree canopy 
coverage. Noteworthy, the contribution given by trees with canopy lower than two 
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meters is here overlooked, as they do not provide shade that is useful for human 
beneficiaries. Nevertheless, such vegetation has a significant contribution in terms 
of evapotranspiration. 

Tree canopy coverage, soil cover and tree species are the three main components 
that jointly affect evapotranspiration (Taha et al. 1991; Akbari et al. 1992; Souch 
and Souch 1993; Allen et al. 1998; Bowler et al. 2010b; Schwarz et al. 2011; 
Larondelle and Haase 2013). In this context, the focus is however on the first two 
components mainly because information of tree species is hardly available at city 
scale, whereas, at this scale, differences in evapotranspiration across different com¬ 
binations of species can be considered negligible (Souch and Souch 1993). On the 
other hand, the climatic region is included as a crucial factor to consider given that 
it greatly affects the evapotranspiration: in warm and dry areas, evapotranspiration 
is more effective than in humid or cool climates (Taha et al. 1991; Akbari et al. 
1992; McPherson et al. 1997; Bowler et al. 2010b). 

Following the approach by Allen et al. (1998), the evapotranspiration is calcu¬ 
lated as: 


ET c =K c -ET 0 

where ET C is the tree or soil cover evapotranspiration (ETA) under conditions of 
unlimited presence of water in the ground (irrigated), K c is the tree or soil cover 
coefficient, and ET 0 is the reference evapotranspiration, which takes into account 
the climatic region of the study area. 

Operationally, to estimate the evapotranspiration potential of an UGI, its soil 
cover and tree canopy coverage are analysed separately to determine the related Kc 
coefficient. Hence, the evapotranspiration is estimated by multiplying the Kc coef¬ 
ficient by the climate-specific value ET 0 , again analysing separately the contribution 
of trees and of the soil cover (e.g., Kremer et al. 2013; Larondelle and Haase 2013; 
Schwarz et al. 2011). In the proposed approach, the overall evapotranspiration value 
of the UGI, obtained by adding the different contribution that are expressed in mm 
d -1 , is then standardized into an evapotranspiration score in the 0-100 range. 


4.2.2 Cooling Capacity Assessment 

The extent to which shading and evapotranspiration contribute to the overall cooling 
capacity of the UGI is determined by the size of the UGI itself (Chang et al. 2007; 
Cao et al. 2010; Bowler et al. 2010b). In fact, shading and evapotranspiration jointly 
reduce the air temperature, but the impact of evapotranspiration becomes predomi¬ 
nant as the area gets larger (Akbari et al. 1992). Specifically, green areas larger than 
2-3 ha are cooler than their surroundings, whereas green areas smaller than 2 ha 
have a limited effect (Chang et al. 2007). Thus, several studies identify the threshold 
between small parks and large parks around a value of 2 ha (e.g., Bowler et al. 
2010b; Cao et al. 2010; Chang et al. 2007; Shashua-Bar and Hoffman 2000). 
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Regarding the effects of shading and evapotranspiration on surroundings of trees 
(based on measurements taken at 12 m and 5 m from trees), Akbari et al. (1992) 
concluded that, for large areas, the cooling capacity depends mainly on evapotrans¬ 
piration, reaching a distance as far as five times the height of the tree. They also 
found that shading contributes up to 95% when directly under the canopy, but its 
contribution in terms of reducing the temperature (and consequently the energy 
consumption for air conditioning) is around 40% for areas larger than 2 ha. 
According to Chang et al. (2007), size contributes to 60% of the cooling capacity, 
and indirectly affects the contribution of ETA. Finally, Shashua-Bar and Hoffman 
(2000), based on empirical studies, note that in areas smaller than two hectares, the 
contribution of shading is around 80% of the total cooling capacity, with the remain¬ 
ing 20% determined by evapotranspiration. 

Therefore, in the proposed approach, the overall cooling capacity of UGI is 
assessed through a weighted summation of the evapotranspiration and shading 
scores, using different weights according to size, followed by a standardization of 
the results into a scale between 0 and 100. More specifically, in areas smaller than 
two hectares, shading is assigned a weight of 0.8 and evapotranspiration of 0.2, 
while in areas larger than two hectares, the weights are of 0.4 and 0.6, for shading 
and ETA, respectively. Noteworthy is the case of areas with less than 50% of tree 
canopy coverage that may turn to be warm islands instead of cool islands during 
some part of the day in very hot summer (Chang et al. 2007). To consider this 
remark, the cooling capacity scores calculated for all areas with tree canopy cover¬ 
age below 50% is marked with a to highlight that, in some circumstances, they 
can also work the other way round. 


4.2.3 UGI Typologies and Expected Temperature Change 

To define different typologies of UGI, the three components of tree canopy cover¬ 
age, soil cover, and size, were combined. To this end, tree canopy coverage is clas¬ 
sified into five intervals: 0-20%, 21-40%, 41-60%, 61-80% and 81-100%. Soil 
cover is classified into sealed (all impervious surfaces), bare soil, heterogeneous 
cover (mixed cover of bare-soil and shrubs, typical of vegetable gardens or inner 
courts or some vacant lots), grass (fine vegetation), and water, based on the 
HERCULES soil-cover taxonomy (Cadenasso et al. 2007). Finally, size was divided 
into two classes: below and above two hectares. By combining these classes of the 
three components, 50 typologies of UGI are obtained to be further analysed consid¬ 
ering the three different climatic regions. 

Operationally, to assess the cooling capacity of each UGI typology in each cli¬ 
matic region, data on ET0 and Kc was retrieved from a number of databases, includ¬ 
ing the CGMS database of the Mars Crop Yield Forecasting System and the FAO 
(more details in Zardo et al. 2017). Through a literature review, the cooling capacity 
score of each UGI typology was then associated to an expected change in tempera¬ 
ture (see Table 4.1). Indeed, the conversion of cooling capacity scores (from 0 to 100) 
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Table 4.1 Overview of some key references about cooling capacity of UGI 


Climatic area 

Min cooling 
(°C) 

Max cooling 
(°C) 

Reference 

Atlantic 
(Koppen: Cfb) 

1.0 

3.5 

Watkins (2002); GLA (2006); Schwarz et al. 
(2011); Larondelle and Haase (2013) 

Continental 
(Koppen: Cfa) 

1.0 

4.8 

Potchter et al. (2006); Chang et al. (2007) 

Mediterranean 
(Koppen: Csa) 

1.7 

6.0 

Taha et al. (1991); Souch and Souch (1993); 
Shashua-Bar and Hoffman (2000); Potchter 
et al. (2006) 


into changes in air temperature is significantly affected by the climatic region: UGI 
can lower daily maximum near-surface temperature especially in hot and dry condi¬ 
tions (Taha et al. 1991). 


4.3 Assessing the Cooling Capacity of UGI Typologies 

Figure 4.2 summarizes the assessment of the cooling capacity of 50 different typol¬ 
ogies of UGI, for the three climatic regions. From the analysis of the table it is pos¬ 
sible to note that 26% of the UGI typologies have the highest scores (from 81 to 
100), 17% of UGI typologies score between 61 and 80, 23% from 41 to 60, 23% 
from 21 to 40, and 12% score from 0 to 20. Indeed, size is the most influent compo¬ 
nent among the three; for example, all UGI scoring more than 60 have a size above 
the two hectares, while only 3% of the UGI that are above the two hectares score 
less than 60 below. Furthermore, no UGI with size smaller than two hectares scores 
more than 60. While scores between 41 and 60 comprise mainly areas smaller than 
two hectares (91%). This includes all the UGI with 100% of tree canopy coverage, 
and most of UGI with 80% of tree canopy coverage. The UGI scoring between 21 
and 40 are smaller than two hectares and have tree canopy coverage between 20 and 
60%. Thus, the second most influential component, after the size, is the tree canopy 
coverage, followed by soil cover. 

In terms of the expected temperature changes, according to the climatic region, 
each score implies a different temperature decrease. As shown in Fig. 4.3, the 
Mediterranean region is where larger changes occur, followed by the Continental 
area and the Atlantic region. For example, an UGI with a cooling capacity score of 
100, in the Atlantic region, can decrease the temperature up to 3.5 °C, while the 
same UGI, in the Mediterranean region, can reduce the temperature of up to 
6 °C. Therefore, investing on UGI to improve their cooling capacity has different 
implications in terms of temperature decrease, depending on the climatic region 
(e.g., see grey rectangle in Fig. 4.3). 
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Fig. 4.2 Cooling capacity estimated for 50 UGI typologies in the climatic regions 
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

ranges of delta T *C 

Fig. 4.3 Temperature variation (in Celsius degrees) for the same classes in the different climatic 
regions 


4.4 Application to the City of Amsterdam 

By way of example, the proposed approach was applied to the city of Amsterdam. 
A 10 x 10-km study area was selected to analyse the existing UGIs and to assess 
their cooling capacity. Amsterdam belongs to the cold temperate moist zone, cor¬ 
responding to the Atlantic climatic region. Tree canopy coverage, soil cover and 
UGI size were mapped using available data (Fig. 4.4). 

Overall, 74,653 patches, covering 8477 hectares, were mapped. The mapped 
UGI consist almost entirely (90%) of water and of green areas with a tree canopy 
coverage below 20%. A heterogeneous soil cover with tree canopy coverage below 
20%, sealed patches with tree canopy coverage below the 20%, sealed patches with 
tree canopy coverage between 20 and 40%, and grass soil cover with tree canopy 
coverage below 20% characterize the remaining 10% of the mapped UGI. 
Accordingly, Fig. 4.5 presents the results of the cooling capacity assessment with 
scores from 0 to 100. Most UGI have a low cooling capacity: 34% of total UGI 
score less than 25,13% score between 25 and 30, 22% score between 30 and 60, and 
only the 1% of the UGI score more than 60. As for the potential temperature reduc¬ 
tion, it can be assumed that the 22% of UGI, which score between 60 and 30, can 
lower the temperature up to 2.1 °C. 

From an urban planning perspective, the results can be used to identify possible 
actions to enhance the cooling capacity of least performing UGI. By way of exam¬ 
ple, Fig. 4.6 presents a set of possible interventions to upgrade an UGI with a cool¬ 
ing capacity score of 11, characterized by size below two hectares, 20% of tree 
canopy coverage and sealed soil. The best results are provided by a combination of 
actions targeted at increasing the size and the tree canopy coverage, and improving 
soil cover. 
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Fig. 4.4 Soil cover (top) tree canopy cover (middle) and size (bottom) of UGI in Amsterdam 
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Fig. 4.5 Map showing the cooling capacity of UGI in Amsterdam 


4.5 Lessons Learned and Conclusions 

Scientific knowledge from different fields, such as ecology, planning, urban forestry 
and climate science, can improve UGI assessment, but an effort in terms of convert¬ 
ing it into guidance that can improve urban planning processes is still needed 
(Norton et al. 2015). This chapter showed an example of how to draw on knowledge 
and data from different disciplines to improve the understanding of the relationship 
between the characteristics of UGI and the provision of ES. UGI represent a great 
potential for cities to adapt to multiple challenges; hence, the importance to take 
into account the design of UGI, and their capacity to supply a range of ES, in urban 
planning (Munang et al. 2013). However, the lack of suitable data and the complex¬ 
ity of modelling tools often pose a challenge to the improvement of UGI design in 
planning exercises. In this chapter, out of the bundle of ES provided by UGI, we 
focused on micro-climate regulation. The proposed approach links the relevant eco¬ 
system functions and components of a UGI to its capacity to reduce heat, distin¬ 
guishing among different typologies of UGI. The approach is designed to fit the 
urban scale and to work with input data that are sufficient to differentiate among the 
cooling capacity provided by different types of UGI, but still easily available during 
urban planning processes. 
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Fig. 4.6 Alternative actions (described in columns A, B and C) to upgrade an hypothetical UGI 
with a cooling capacity scores below 20 (characterized by a size smaller than two hectares, sealed 
soil cover and tree canopy coverage of 20%), and the expected improvement in terms of cooling 
capacity score (last column) 


As described in the chapter, the three most relevant components of UGI (i.e. tree 
canopy coverage, soil cover, and size) do not equally determine the cooling capac¬ 
ity. Generally, the most important component is size, followed by tree canopy cov¬ 
erage and lastly soil cover. Similarly, the climatic region of the study area is very 
important in determining the decrease in air temperature (°C) provided by UGI. In 
particular, it was noted how a given UGI, with a specific class of cooling capacity, 
implies a different air temperature reduction depending on the climatic region. In 
the Mediterranean region, the same UGI can lower the temperature more effectively 
than in Atlantic or Continental regions, with the consequent different investment 
implications from a practical point of view. 

The application to the city of Amsterdam demonstrated that the proposed 
approach requires only a limited set of input data, generally easy to obtain, to pro¬ 
vide an overall cooling capacity assessment of the UGI. Several practical insights 
emerge from the case study application that are related to the different effects of the 
components in different conditions. For example, shading is more important in 
small areas than in large areas, making the increase of tree canopy coverage particu¬ 
larly interesting for small green spaces, especially compared to soil cover 
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interventions. The latter are more adequate for large areas, while for small areas an 
enhancement of the cooling capacity can be obtained by increasing the tree canopy 
cover. An exception is the Mediterranean region where trees are more preferable 
than soil cover interventions. On the contrary, for large areas soil cover changes can 
provide much more interesting results in all three climatic regions, especially in the 
Mediterranean. However, a good balance in terms of tree-canopy coverage, soil 
cover type and size, as mentioned in the previous paragraph, is the strategy provid¬ 
ing the best cooling capacity. 

The approach, as it stands now, has three main limitations. Firstly, the computa¬ 
tion of shading, evapotranspiration and the overall cooling capacity is based on a 
review of the available literature and on expert opinion. Further empirical evidence 
would make the approach stronger. Secondly, variables such as wind flow, city mor¬ 
phology, and tree species were not considered due to the choice for simplicity and 
synthesis, looking for a fair trade-off between accuracy of the assessment and a 
complexity in computations and data. Despite restricted to the most influencing fac¬ 
tors, the analysis is flexible enough to provide solutions that are site-specific. For 
example, concerning tree species, the literature provides evidence about the fact that 
different tree species differently contribute to cooling due to different evapotranspi¬ 
ration functioning. Last, the proposed approach only considers the cooling capacity 
within the UGI, without addressing the effects outside its boundaries. Clearly, 
knowing the spatial extent of the cooling capacity beyond UGI boundaries would be 
interesting for urban planning, and for an analysis of the expected beneficiaries of 
different interventions. This challenge is addressed in the next chapter, where the 
analysis of the cooling capacity of UGI, as well as of other ES, is linked to an 
explicit assessment of different groups of beneficiaries, and the outcomes are used 
to inform urban planning. 
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5.1 Introduction 

Although several authors acknowledge the potential of ecosystem service (ES) 
assessments to increase the quality of planning processes and decisions (Geneletti 
2011; Mckenzie et al. 2014; Rail et al. 2015), most urban ES studies are still far 
from real-life application. While urban ES research demonstrates continuous meth¬ 
odological advancements, scientific works often lack the identification of specific 
policy questions and stakeholders to which they might be relevant (Haase et al. 

2014) , thus resulting in generic and abstract recommendations with no direct appli¬ 
cability to the planning and management of green infrastructure (Luederitz et al. 

2015) . The aim of this chapter is to show how ES knowledge, i.e. information pro¬ 
duced by ES assessments (see Chap. 4), can be used to support decision-making in 
a real-life urban planning context. 

ES knowledge can enter policy- and decision-making processes through multiple 
pathways associated to different potential impacts, from raising stakeholder aware¬ 
ness to shaping specific decisions. (Posner et al. 2016). Among the pathways 
described by Posner and colleagues, we refer here to the use of ES knowledge to 
generate actions and produce outcomes. The expected result is the establishment of 
new or updated plans and policies that consider impacts on ES and promote their 
balanced provision, ultimately improving human health and wellbeing along with 
biodiversity and nature conservation (Posner et al. 2016). 

Drawing from a set of case studies, Barton et al. (2018) provide some examples 
of the tasks that ES assessments can perform in these contexts. ES knowledge can 
assume a decisive role, when it is used to support the formulation and structuring of 
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the decision problem; to identify criteria for screening, ranking, and spatial-targeting 
of the alternatives; or to provide arguments for negotiations, shared norms, and 
conflict resolution. It can also assume a design role, when it is used to set the basis 
for implementation tools, including the definition of standards and policy targets; 
the design of regulations, certifications, pricing, and incentives; or the establishment 
of damage compensations (Barton et al. 2018). 

The decisive role encompasses the use of ES knowledge in the specific phase of 
urban planning processes when alternative scenarios must be assessed and com¬ 
pared (e.g., Kain et al. 2016). This use poses specific requirements to ES assess¬ 
ments. First, it entails identifying appropriate indicators that measure the expected 
outcomes of planning actions in terms of changes in human wellbeing, coherently 
with planning objectives (Ruckelshaus et al. 2015). Second, it requires assessing the 
consequences of planning interventions on multiple ES, explicitly addressing the 
potential trade-offs between different ES and competing land uses that characterize 
the alternative planning scenarios (Sanon et al. 2012; Woodruff and BenDor 2016; 
Kain et al. 2016). 

This chapter presents an application in which ES assessments are used to support 
a real-life planning decision about the regeneration of brownfields in the city of 
Trento (Italy). Potential re-greening interventions are prioritized according to their 
expected consequences on two illustrative, though relevant ES for the city. The per¬ 
formance of the different alternatives in relation to the two ES is assessed by com¬ 
paring current conditions and future planning scenarios. Then, the results are 
combined through a multi-criteria analysis where criteria correspond to a set of 
defined planning objectives that may assume different weights according to differ¬ 
ent stakeholder perspectives. 


5.2 Case Study: Brownfield Regeneration in Trento 

Trento is an alpine city of around 120,000 inhabitants in northeastern Italy, located 
along the valley of the river Adige, roughly half-way between the Brenner Pass and the 
Adriatic Sea. The main settlement originated from the concentration of urban areas and 
infrastructures in the valley floor and hosts around 70% of the population. The remain¬ 
ing 30% lives in small villages spread across the surrounding hills and mountains. 
Agricultural areas, predominantly vineyards and apple orchards, occupy the few non- 
urbanized patches on the valley floor and the sunny hillsides. Forests cover almost half 
of the large municipal territory, which spreads over more than 150 km 2 and up to an 
elevation of 2180 m. Of this, more than 10 km 2 are designated as natural protected 
areas, including eight Natura 2000 sites and four local reserves (Fig. 5.1). 

The presence of brownfields is one of the main planning issues in Trento. The 
current urban plan identifies thirteen ‘urban redevelopment areas’, mostly former 
industrial sites or partially-abandoned residential blocks, ranging in size from 0.5 to 
9.9 ha and covering a total area of around 44 ha. With few exceptions, they are close 
to the most dense and populated parts of the city, where their presence exacerbates 
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Fig. 5.1 Main land uses in Trento and the 13 brownfields identified by the urban plan as ‘urban 
redevelopment areas’ 


social, economic, and environmental problems, but at the same time is an opportu¬ 
nity to benefit through regeneration interventions a large part of the population. 
Until now, the costs, especially for contaminated sites, and the bureaucratic burden 
associated to intervention, as well as the sometimes-contrasting interests of public 
administration and private owners, have hindered their transformation. 
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Considering the existing situation, it is reasonable to assume that only some of 
the brownfields will be converted to new industrial or residential areas in the next 
years. A greening intervention can thus be advanced as a possible, perhaps tempo¬ 
rary, solution. Accordingly, the study hypothesizes a possible conversion of the thir¬ 
teen urban redevelopment areas into new public parks, with the aim of identifying 
which intervention should be prioritized to maximise the benefits for the surround¬ 
ing population. Benefits are measured in terms of increased provision of two key 
urban ES for Trento, namely micro-climate regulation and nature-based recreation. 

The selection of micro-climate regulation responds to the growing concerns for 
summer heat waves, particularly intense in the city due to its low altitude and to the 
narrowness of the valley. During the 2003 event, Trento proved to be more vulnerable 
to heat waves than other Italian cities (Conti et al. 2005). The combined effect of heat 
waves and of the intense urban heat island in the most urbanized part of the city causes 
peaks in energy demand and threatens citizens’ health and wellbeing (Giovannini 
et al. 2011). Considering the increased frequency and intensity of heat waves expected 
in the coming decades (Fischer and Schar 2010), effective solutions to control the 
urban micro-climate and to provide cool areas for heat relief during the hot season are 
seen as one of the most pressing needs by citizens and administration. 

The selection of recreation responds to the specific planning goal of the city 
administration: to provide equal opportunities for nature-based recreation and relax¬ 
ation to all citizens. During the last years, new public parks have been realized in 
peri-urban areas to gain a more balanced distribution over the city. However, under¬ 
standing if opportunities for nature-based recreation are equally distributed is not an 
easy task. In Trento, besides urban parks, citizens also benefit from the proximity to 
other typologies of green areas where they conduct a wide range of day-to-day rec¬ 
reational activities, including hiking, mountain-biking, trail running, and climbing. 
Indicators based on the availability of and accessibility to public urban parks, 
though common in urban planning applications, are not enough to capture this vari¬ 
ety and to support planning decisions (Cortinovis et al. 2018). Assessing recreation 
as an ES, considering different providing units and different levels of demand, could 
provide planners with useful information for achieving an equal distribution of rec¬ 
reational opportunities over the city (Kabisch and Haase 2014). 


5.3 Producing ES Knowledge to Evaluate Planning 
Scenarios 

5.3.1 Mapping and Assessing ES 

The cooling effect of urban green infrastructure was assessed by applying the 
method described in Chap. 4 (see also Zardo et al. 2017 for furher details), specifi¬ 
cally designed to support planning and management decisions at the urban and sub¬ 
urban scale. Green infrastructure in Trento were classified according to their size, 
soil cover, and percentage of canopy coverage, and assigned a cooling capacity 
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score and the respective class based on Fig. 4.2. Then, the cooling effect produced 
on the surroundings was mapped by approximating the effect of evapotranspiration 
through linear decay functions that vary depending on the size of the area, and the 
effect of shading through local buffers around canopies (Geneletti et al. 2016). The 
final map of the cooling effect is divided into six classes, from A+ (maximum cool¬ 
ing effect) to E (minimum or no cooling effect). The difference between two succes¬ 
sive classes corresponds approximately to 1 °C. 

Opportunities for nature-based recreation in the city were assessed through a 
locally-adjusted version of ESTIMAP-recreation, a model originally developed for 
mapping ES across Europe (Zulian et al. 2013; Paracchini et al. 2014) and later 
adjusted for the application to different contexts and scales (Baro et al. 2016; 
Liquete et al. 2016; Vallecillo et al. 2018; Zulian et al. 2018). The model is com¬ 
posed of two modules. The first module assesses the Recreation Potential (RP), i.e. 
the suitability of different areas to support nature-based recreational activities based 
on their intrinsic characteristics. Elements that contribute to define the RP are iden¬ 
tified in the three categories of natural features, urban green infrastructure compo¬ 
nents, and land uses. The map of RP is a raster with values ranging from 0 (no RP) 
to 1 (maximum RP in the analysed area). The second module assesses the Recreation 
Opportunity Spectrum (ROS), i.e., the actual opportunities for nature-based recre¬ 
ation offered to the citizens. The value of ROS is obtained by combining RP with 
information about proximity, here defined as the availability of infrastructures and 
facilities to access (e.g., cycle paths, bus routes, parking areas) and to use (e.g. play¬ 
grounds, sport fields, park furniture) the areas. The map of ROS is classified into 
nine categories resulting from the cross-tabulation of high/medium/low RP and 
high/medium/low availability of infrastructure and facilities. 

To produce the maps of RP and ROS, the elements considered in each module 
are spatially combined according to scores assigned by the user. In the described 
application, scores were elicited from a pool of seventeen local experts, including 
key personnel of different provincial and municipal departments, researchers from 
different institutions, and local practitioners. The experts were asked to fill-in an 
online questionnaire and then invited to discuss the preliminary results in a follow¬ 
up focus group. A detailed list of the data used for the analysis and the description 
of the involvement process, including the final scores used to run the model, can be 
found in Cortinovis et al. (2018). 


5.3.2 Comparing Scenarios Based on ES Beneficiaries 

The results of the analysis at the city scale were used as a baseline to assess the 
potential benefits produced by brownfield regeneration. The conversion of each of 
the thirteen brownfields into a new green area was considered as an alternative plan¬ 
ning scenario and analysed independently. The outcome of the transformation was 
assumed to be, for each brownfield, a new urban park, intensely planted and open to 
public use. Accordingly, to assess their expected cooling effect, new urban parks 
were modelled as areas covered by grass with canopy coverage ranging from 80% 
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to 100%. To assess opportunities for nature-based recreation, brownfields were 
assigned to the land use class ‘green urban areas’, assuming the same presence of 
infrastructures and facilities as in other parks of comparable size. 

Similar indicators, based on the number of people affected by the transformation, 
were used to assess the two ES. For each ES, vulnerable people, defined as citizens’ 
groups with a higher-than-average need for the specific service, were identified and 
quantified as a sub-group of the total beneficiaries. In the case of cooling, beneficia¬ 
ries were defined as citizens that experienced a positive change in the class of cooling 
effect of their living place. Young children (< 5 years old) and the elderly (> 65 year 
old) were selected as vulnerable groups, based on their higher sensitivity to heat 
stress (Basu and Samet 2002; Kenny et al. 2010; Kabisch et al. 2017). In the case of 
recreation, people living within 300 m from the new parks were considered as benefi¬ 
ciaries (Kabisch et al. 2016; Stessens et al. 2017). Children and teenagers (< 20 years 
old) and the elderly (> 65 year old) were identified as vulnerable groups, based on the 
higher demand for close-to-home recreation and relaxation areas (Kabisch and Haase 
2014). Furthermore, those beneficiaries already served by high-level opportunities 
for nature- based recreation in the current condition (i.e., living within 300 m from 
areas classified in the highest class of ROS), were counted separately. 

The results of the two ES assessments were combined through a multi-criteria 
analysis, using the thirteen scenarios as alternatives and the two ES and correspond¬ 
ing categories of beneficiaries as criteria and sub-criteria, respectively (Table 5.1). 
Weights were assigned according to three illustrative policy perspectives and related 
objectives. The ‘cool air for the elderly’ perspective prioritizes the improvement of 
the cooling effect in areas with a high share of older population. The ‘every child 
needs a park’ perspective favours opportunities for recreation to people, especially 


Table 5.1 The three policy perspectives and respective combinations of weights considered in the 
multi-criteria analysis to prioritize brownfield regeneration scenarios 



Perspective 1 
“balanced” 

Perspective 2 “cool air 
for the elderly” 

Perspective 3 “every child 
needs a park” 

Cooling 

0.50 



0.80 



0.20 



Non-vulnerable 


0.20 



0.14 



0.20 


< 5 years old 


0.40 



0.29 



0.40 


> 65 years old 


0.40 



0.57 



0.40 


Recreation 

0.50 



0.20 



0.80 



Non-vulnerable 


0.20 



0.20 



0.14 


Served 



- 



- 



0.20 

Not served 



- 



- 



0.80 

< 20 years old 


0.40 



0.40 



0.57 


Served 



- 



- 



0.20 

Not served 



- 



- 



0.80 

> 65 years old 


0.40 



0.40 



0.29 


Served 



- 



- 



0.20 

Not served 









0.80 
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children and teenagers, who are not served in the present condition. The ‘balanced’ 
perspective promotes both ES equally but assigns a higher weight to vulnerable 
groups. Values for each criterion and sub- criterion were normalised according to 
the maximum and a ‘weighted summation’ approach was used to calculate the over¬ 
all score for each alternative, hence defining the final rankings for the three perspec¬ 
tives. Finally, a sensitivity analysis was conducted to explore the robustness of the 
rankings to variations in the weights assigned to criteria and sub-criteria. Further 
details on the methodology adopted to compare the brownfield regeneration sce¬ 
narios can be found in Cortinovis and Geneletti (2018a). 


5.4 Planning Scenarios Evaluated Through ES 
5.4.1 Current ES Provision Across the City 

The current provision of the two analysed ES (Figs. 5.2-5. 3) is used as baseline to 
measure the benefits of brownfield regeneration scenarios. The map of the cooling 
effect produced by green infrastructure in the valley floor, i.e., the most urbanised 
area of the city, shows a prevalence of the highest classes of cooling effect (Fig. 5.2). 
The presence of close-by forests and of the river Adige and its tributaries contributes 
to lower the temperature of their surroundings. Disadvantaged areas can be observed 
in the dense neighbourhoods close to the city centre and in the northern suburbs. 
Here, the mix of residential and industrial areas with little green infrastructure, as 
well as the high rate of soil sealing produced by the concentration of urban activities 
and major transport infrastructures, have a negative impact on the cooling perfor¬ 
mance of the city. Most of the brownfields are strategically located close to areas 
that scarcely benefit from the cooling effect of green infrastructure. 

The map of ROS shows a clear difference in the recreation opportunities between 
the main urban settlement in the valley floor and its surroundings (Fig. 5.3). The 
main urban settlement is mostly characterized by low values of RP, but large urban 
parks and the riverbanks provide good opportunities for nature-based recreation 
thanks to their high accessibility. The surroundings are mostly characterised by high 
values of RP, but the availability of infrastructures and facilities is not homoge¬ 
neous. Forests characterised by the presence of forest tracks, hiking trails, and 
facilities dedicated to specific activities such as climbing routes and MTB trails are 
mainly located close to the villages. Areas in the highest class of ROS prevail on the 
east side of the valley, whilst on the west side, where the settlements are sparser and 
the connections with the valley floor are more difficult, many areas are characterised 
by high RP but low proximity. The analysis suggests different directions for inter¬ 
ventions. While infrastructures and facilities could be strengthened in natural and 
semi-natural areas, interventions in the main urban settlement should focus on 
achieving a more equal distribution of urban green areas. The location of some of 
the brownfields represents an opportunity to act in this direction, thus enhancing the 
condition of people that currently have no or very few close-to-home opportunities 
for nature-based recreation. 
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Cooling class 



Fig. 5.2 Map of the cooling effect of urban green infrastructure in the most urbanized part of the 
city of Trento 

5.4.2 Potential Benefits of Brownfield Regeneration 

An example of how the conversion of brownfields into new urban parks would 
affect the two analysed ES is provided in Fig. 5.4. Due to the change in the soil 
cover from partly sealed to grass and to the intense plantation, the site would 
reach the highest class of cooling effect, thus also positively affecting the micro¬ 
climate of the immediate areas. While in the present condition, most of the 
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Recreation Opportunity Spectrum (ROS) 



Fig. 5.3 Map of the Recreation Opportunity Spectrum (ROS) in Trento calculated through the 
locally- adjusted version of the ESTIMAP-recreation model 


surrounding residents gain very little or no thermal benefit at all from the presence 
of green infrastructure, almost exclusively limited to single shading trees, in the 
regeneration scenario the major part of the area is affected by a noticeable 
improvement. In the neighbourhood to the North, some households would shift 
from the lowest to the highest class of cooling effect. The conversion to a new 
urban park would also be an opportunity to increase the availability of public 
green areas by connecting the converted brownfield to the adjacent open-air 
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Fig. 5.4 An example of comparison between baseline condition and planning scenario for brown¬ 
field 11. Maps of the cooling effect considering the maximum distance potentially reached by the 
cooling effect produced by the brownfield (left) and maps of the Recreation Opportunity Spectrum 
showing the 300-m buffer used to identify potential beneficiaries (right) 


soccer field. In the regeneration scenario, all the households included in the map 
would benefit from an additional space for recreation within walking distance 
from their location. 

The different scenarios are assessed and compared based on the number of peo¬ 
ple that would benefit from brownfield regeneration (Fig. 5.5). In terms of cooling 
effect, scenario 11, involving the conversion of a large brownfield inside a densely 
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Fig. 5.5 Expected benefits produced by the different scenarios in terms of enhanced cooling effect 
by urban green infrastructure (left) and enhanced opportunities for nature-based recreation (right): 
number of beneficiaries broken down into different vulnerability classes 


built-up and populated part of the city, is by far the best performing one: more than 
2000 citizens would benefit from the enhanced cooling effect produced by the new 
green area. The other scenarios are expected to affect from some decades to few 
hundreds of people. Overall, the number of people that would benefit from 
increased opportunities for nature-based recreation is much higher. Scenarios 07 
and 08 produce the highest absolute number of beneficiaries. However, only the 
regeneration of brownfields 01, 02 and 03 would serve people that, at present, have 
no access to close-to-home nature-based recreational opportunities. The ratio 
between total beneficiaries and specific vulnerable groups is not the same across 
scenarios, due to the uneven distribution of population groups across the city. For 
example, the share of children and teenagers is higher for scenarios 01 and 02 
compared to the others, while the share of people aged more than 65 is the highest 
for scenario 11. 

The information about the number of beneficiaries of the two ES in the different 
scenarios was combined through a multi-criteria analysis according to the three 
perspectives described in Table 5.1 (Fig. 5.6). When assuming a ‘balanced’ perspec¬ 
tive, with the same weight assigned to the two ES and a double weight assigned to 
vulnerable compared to non-vulnerable groups, scenario 11 ranks first. The second 
perspective, consistent with the objective of improving the cooling effect in areas 
with a high share of older population, leads to the same first-ranking scenario. 
Although the other positions change between the two perspectives, all scenarios 
gain a very low score compared to scenario 11. Under the third perspective, the final 
ranking changes significantly and the first positions are occupied by the three sce¬ 
narios (01, 02 and 03) involving the regeneration of brownfields located in the 
northern part of the city, where the population is comparatively younger and exist¬ 
ing opportunities for recreation are scarcer. 
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Fig. 5.6 Map of the priority level of brownfield regeneration scenarios according to three perspec¬ 
tives considered in the multi-criteria analysis 


5.5 Lesson Learned and Conclusions 

The case study showed a possible use of ES knowledge to support urban planning 
in the stage of the planning process when decisions amongst alternative scenarios 
are to be made. Specifically, it addressed the issue of brownfield regeneration in the 
city of Trento, where the presence of thirteen sites that could be converted to new 
public green areas determines the need for a rational approach to select and priori¬ 
tise interventions. The presence of brownfields is a key issue for today’s cities, with 
strong economic and social implications (Nassauer and Raskin 2014). Recent stud¬ 
ies have highlighted how brownfields can be turned into sources of ES for the urban 
population (McPhearson et al. 2013; Collier 2014; Mathey et al. 2015; Geneletti 
et al. 2016; Beames et al. 2018), thus contributing to a more sustainable urban 
development (European Commission 2016). 
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Our analysis focused on the expected benefits of brownfield regeneration sce¬ 
narios in terms of improved cooling effect by vegetation and enhanced opportunities 
for nature-based recreation: two of the most critical issues for citizens’ wellbeing in 
Trento. The results of the two ES assessments were expressed through beneficiary- 
based indicators. Several authors have highlighted limitations and potential draw¬ 
backs associated to the use of both biophysical measures and monetary valuations 
of ES in real-life decision-making contexts (Bagstad et al. 2014; Ruckelshaus et al. 
2015; Saarikoski et al. 2016; Olander et al. 2018). To this respect, beneficiary-based 
indicators that explicitly link the provision of ES with changes in human wellbeing 
are considered a promising way to integrate ES knowledge into decision-making 
processes (Geneletti et al. 2016; Olander et al. 2018) and to communicate ecologi¬ 
cal knowledge to planners and politicians primarily focused on social and economic 
objectives (von Haaren and Albert 2011; Schleyer et al. 2015), as is often the case 
in urban planning. 

Multi-criteria analysis proved to be an effective tool to make the results of mul¬ 
tiple ES assessments usable by decision-makers. On the one hand, it allows multiple 
sources of information and value dimensions to be combined, disregarding the indi¬ 
cators that are used to express them (Saarikoski et al. 2016). On the other hand, it 
offers a structured way to explore different stakeholder perspectives and related 
objectives, balancing diverse and sometimes competing interests in a rational and 
transparent way (Adem Esmail and Geneletti 2018). In the analysed case, all sce¬ 
narios had a positive effect on the provision of both ES, but potential trade-offs 
could be related to competing uses of the brownfields (Kain et al. 2016) or to the 
costs of intervention (Koschke et al. 2012). Starting from the described multi¬ 
criteria analysis, a more complete decision support system could be built by inte¬ 
grating other relevant criteria about costs and benefits of planning scenarios. 

As already demonstrated in other applications (Sanon et al. 2012; Gret-Regamey 
et al. 2013; Kremer and Hamstead 2016), the results of the analysis show how pri¬ 
orities may shift with changing policy goals. The ranking is sensitive to the relative 
weights assigned to the two ES and related categories of beneficiaries and, eventu¬ 
ally, the best scenario depends on decision-makers’ orientations about specific 
planning objectives. This highlights the need for a strategic approach to ES, still 
mostly lacking in current planning documents (Cortinovis and Geneletti 2018b). 
Clear objectives and targets for ES provision would help to identify the values 
against which the effectiveness of planning actions should be measured, and to 
highlight the relevance of ES knowledge within the planning process. Information 
about ES beneficiaries allows understanding the social implications of planning 
decisions, particularly in terms of equity and environmental justice, as discussed in 
the next chapter. 
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Open Access This chapter is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecommons.org/ 
licenses/by/4.0/), which permits use, duplication, adaptation, distribution and 
reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, a link is provided to the Creative Commons license and any changes 
made are indicated. 
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Chapter 6 

Towards Equity in the Distribution 
of Ecosystem Services in Cities 


® 
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6.1 Introduction 

A major challenge for cities worldwide is achieving an equitable distribution of 
urban services (UN-Habitat 2016). Among the latter, urban ecosystem services (ES) 
are increasingly acknowledged for their role in contributing to health and wellbeing, 
hence promoted as a valid nature-based solution to many urban challenges (European 
Commission 2015). Yet, urban ecosystems, such as parks, trees, gardens, green- 
ways, are heterogeneously distributed over space, and so are the ES they provide, 
which may cause inequality in the distribution of benefits to citizens (Ernstson 
2013). Through urban planning, local administrations can manage the distribution 
of urban ecosystems and their services in a city, determining the number, location, 
and type of beneficiaries they reach (Kremer et al. 2013). However, this requires 
moving beyond general urban quality standards, such as per capita green space tar¬ 
gets (Badiu et al. 2016; Kabisch et al. 2016), which do not capture details about the 
actual distribution of benefits across different areas and population groups 
(Larondelle and Haase 2013; Cortinovis et al. 2018). 

McDermott and colleagues identified three dimensions of equity in relation to 
the local provision of ES, namely distributional equity, procedural equity, and con¬ 
textual equity (McDermott et al. 2013). Distributional equity considers the alloca¬ 
tion of benefits and costs associated to ES provision among stakeholders. Procedural 
equity looks at the level of participation and representation in decision-making pro¬ 
cesses that affect the provision of ES and related benefits. Contextual equity refers 
to the conditions that determine people’s capability to participate to decision¬ 
making processes, as well as to access ES benefits, including physical, socio¬ 
economic, and institutional barriers. 

The vast literature on ES mapping is well equipped to assess distributional equity, 
possibly accounting for relevant contextual factors. A number of methods in the 
biophysical, socio-cultural, and economic domains exist to understand how supply 
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and demand of ES, and related benefits and values, vary across space (Harrison 
et al. 2017; Santos-Martin et al. 2018). However, there are key elements that ES 
assessments need to consider, to be informative about the equitable distribution of 
ES. This chapter explores these elements, presents a case study application, and 
provides some conclusions on how planning can pursue equitable distribution of ES 
in cities. 


6.2 Elements to Assess Equity in the Distribution of ES 

Three spatial elements are important to understand the distributional equity of ES: 
supply (i.e., where ES services are produced), access (i.e., where and by whom ES 
are used), and demand (i.e., who needs ES). The first obvious step of the analysis 
consists in identifying where ES are actually supplied (Burkhard et al. 2012). To 
this end, many assessments rely on the spatial distribution of urban parks or public 
green areas as a proxy of the spatial distribution of ES supply in the city. In this way, 
however, they fail to account for the ES provided by other types of urban green 
areas, including private gardens (Lin et al. 2017), street trees and roadside vegeta¬ 
tion (Mullaney et al. 2015; Saumel et al. 2016), community gardens (Camps-Calvet 
et al. 2015), or even brownfields and abandoned areas (Mathey et al. 2015; Pueffel 
et al. 2018). 

Moreover, spatial analyses focused on the distribution of green areas in the city 
sometimes overlook the fact that different ecosystems supply different types of ES 
and with different levels of effectiveness (de Groot et al. 2010). As Daw et al. 2011 
put it, assuming all green areas as “black boxes” providing ES - without being able 
to determine which ES are supplied, and to which level of effectiveness - is a poor 
starting point to address issues of equity. Worth of mention here is the fact that ES 
indicators should relate to an appropriate scale and resolution. While more and bet¬ 
ter data are generally available in cities compared to non-urban areas, informing 
urban planning decisions requires capturing changes with a high level of detail; 
hence, data availability may sometime represent a crucial barrier. To effectively 
capture ES supply and provide useful information for equitable distribution of ES, 
the assessment should consider all ecosystems in a city, not only public green 
spaces. In addition, it should provide disaggregated information about the different 
ES that are supplied, considering the extent to which different urban ecosystems 
contribute to the provision of each ES. 

Comparing ES supply and demand in a spatially explicit way is a fundamental 
step to understand who benefits from which services (Burkhard et al. 2012). 
However, simple methods based on spatial overlays may overlook whether the 
potential beneficiaries can actually access the supply of ES (Schroter et al. 2012). 
Tallis and Polasky (2009) rightly refer to access to ES, which is different from 
access to ecosystems or to public green spaces. Areas of ES generation (service 


6.2 Elements to Assess Equity in the Distribution of ES 


59 


providing areas ) do not always correspond to the areas where ES can be actually 
enjoyed (service benefitting areas) (Syrbe and Walz 2012). This is especially evident 
when the two areas are not physically connected, as in the case of food and raw 
materials that are traded across the globe, but it applies also for many regulating ES, 
including pollination, micro-climate regulation, flood protection, and noise mitiga¬ 
tion (Fisher et al. 2009). Characterizing the flow of ES in terms of spatial relation 
between providing and benefitting areas is therefore instrumental to understand 
where the effects of planning actions are to be expected, hence to identify the asso¬ 
ciated “winners” and “losers” (Schroter et al. 2012). 

While benefitting areas provide a good basis to measure access to ES, contextual 
factors restricting the ability of people to enjoy the benefits derived from ES should 
also be taken into account. These may include physical barriers, as well as formal 
(i.e., laws and regulations) and informal (e.g., social norms and cultural practices) 
institutional barriers that limit the access to ES. For example, land tenure can be 
used as a proxy to assess formal institutional access, since it provides a basis to 
discriminate between different potential users of public, common, and private 
spaces. Other aspects, including overcrowding, perception of safety, social bonds, 
and community cohesion are more difficult to capture, but can be relevant in deter¬ 
mining who actually benefit from ES (Lee et al. 2015). In conclusion, to determine 
whether access to ES occurs or not, first, it is crucial to define the flow of ES and the 
spatial relation between providing and benefitting areas. Then, it is important to 
capture the possible physical and institutional barriers that may limit the access to 
benefitting areas, possibly identifying the affected population groups. 

Concerning demand, a common practice in ES assessment is to consider it as 
equally distributed among all citizens, either by fixing standard thresholds (Kabisch 
and Haase 2014) or by relying on population density as a proxy (Baro et al. 2016), 
disregarding demographic and socio-economics differences among individuals and 
population groups. Yet, equity does not require everybody accessing the same 
types and amount of ES. On the opposite, it should be based on the analysis of the 
specific needs of each individual or population group (McDermott et al. 2013). 
Different people derive benefits from different ES, hence may express differenti¬ 
ated needs (Rodriguez et al. 2006). Understanding “who counts for equity” thus 
requires measuring the need for ES of different individuals and population groups 
by comparing their capabilities, the costs, benefits, risks, and opportunities associ¬ 
ated to ES provision, as well as factoring variables like gender, age, and health 
status (Sen 2009). 

Besides the “who”, it is equally important to define “where” such demand is 
located (McDermott et al. 2013). Methods for mapping ES demand, i.e. describing 
how it varies across space, are manifold (Wolff et al. 2015). Applying them to a 
spatial analysis of the key variables that affect the demand of different individuals 
and population groups provides a disaggregated view that is essential to inform 
decision-making. Table 6.1 provides a summary of the elements described in this 
section. 
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Table 6.1 Some recommendations for ES assessment addressing equity in the distribution of ES 


Supply 

Access 

Demand 

(i) Consider all ecosystems in the 
city, not only public green 
spaces. 

(i) Consider access to ES, rather than to 
ecosystems or public green spaces. 

(i) Consider the 
“who” - the target 
for demand. 

(ii) Provide disaggregated 
information about the supply of 
different ES. 

(ii) Characterize the flow of ES in terms 
of spatial relation between providing 
and benefitting areas, direction, and 
scale. 

(ii) Consider 
where the demand 
is located. 

(iii) Specify to which extent 
different ecosystems contribute 
to the supply of different ES. 

(iii) Identify physical and institutional 
barriers that may limit the access to ES 
benefitting areas. 



6.3 Application to a Study Area in the City of Trento 

A test application of the elements presented in the previous section has been con¬ 
ducted for different ES in the city of Trento (see Chap. 5 for more information about 
the city). The assessment focused on four urban ES relevant in the local context. 
Four 500-by-500 m sample areas were selected, roughly corresponding to four dif¬ 
ferent residential neighbourhoods (see Fig. 6.1). The four sample areas are located 
in the central part of the city, where population density is higher and presence of 
public green spaces more limited than in the surrounding urban space, and are char¬ 
acterized by different socio-demographic conditions. The total extension of urban 
ecosystems, including trees, grass and shrubs, and bare soil in the four sample areas 
covers almost 300.000 m 2 , i.e. between one fourth and one third of the total surface. 
The average per capita amount of green space is around 50 m 2 . 

To compare the sample areas, four regulating ES were selected, namely, carbon 
storage, air pollution removal, micro-climate regulation (cooling), and noise mitiga¬ 
tion. The four ES differ significantly in terms of ecosystem functions that support 
the provision, spatial relation between providing and benefitting areas, and type of 
demand, hence they provide an interesting testbed to apply the elements described 
in the previous section. 


6.3.1 Assessing ES Supply 

The assessment of the supply of the selected ES was based on average values for 
different types of urban ecosystems retrieved from previous studies in urban con¬ 
texts (McPhearson et al. 2013; Derkzen et al. 2015; Zardo et al. 2017). Table 6.2 
summarizes the selected values harmonized with respect to four main land cover 
types; namely, (i) built-up and sealed, (ii) bare soil, (iii) grass and shrubs, (iv) trees 
and woodland. More in detail, carbon storage was estimated for coarse vegetation 
(i.e. trees and woodland), fine vegetation (i.e., grass and shrubs), and soil adopting 
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Fig. 6.1 The four selected sample areas in the city of Trento 


Table 6.2 Average values for ES supply for different land cover types, in dimensional and 
dimensionless form 



Carbon storage 

Air pollution 
removal 

Micro-climate 

regulation 

Noise reduction 

Built-up and 
sealed 

- 

0 

- 

0 

- 

0 

- 

0 

Bare soil 

8.2 kg/m 2 

5.3 

- 

0 

1.2 °C 

3.3 

- 

0 

Grass and 
shrubs 

8.4 Kg/m 2 

5.4 

1.12 g/m 2 /year 

4 

1.2 °C 

3.3 

0.375 

Db(A)/100m 2 

1.8 

Trees and 
woodland 

15.5 kg/m 2 

10 

2.73 g/m 2 /year 

10 

3.6 °C 

10 

2 Db(A)/100m 2 

10 


the same average values applied by McPhearson et al. (2013) to the city of New York. 
The same approach was used to assess air pollution removal, focusing on PM 10 
deposition on grass and woody vegetation (McPhearson et al. 2013). Based on 
Derkzen et al. (2015), values for air pollution removal where doubled for green 
areas located within a 50-m buffer from streets to account for the higher concentra¬ 
tion of PM10 that increases the deposition flux. Cooling was assessed following the 
approach described in Chap. 4. Finally, noise reduction was assessed by adopting 
the values proposed by Derkzen et al. (2015). For each ES, the values were then 
converted into dimensionless scores ranging from 0 to 10, where 10 corresponds to 
the value of the best-performing land cover type. 

Operationally, the first step to map the supply of ES consisted of the visual 
inspection of an aerial image to identify the main land cover types in the four 
sample areas, followed by screen digitising in a GIS. The land-cover information 
was then combined with the standardized values from Table 6.2 to obtain supply 
maps for each ES. To get an overall indicator of ES supply in each sample area, the 
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surface of each land-cover type was multiplied by the corresponding standardized 
value, and then the contributions of the different land cover types were summed. 
Finally, the result was divided by the total surface of the sample area to obtain an 
overall score ranging from 0 to 10, which measures the supply of each ES in each 
sample area. 

Figure 6.2 shows the results of the supply analysis. Overall, Sample area 3 
shows the highest supply score for three of the four analysed ES, namely: air pol¬ 
lution removal, cooling, and noise reduction. For carbon storage, the best perfor¬ 
mance is represented by Sample area 1. Noteworthy is that Sample area 3 performs 
better despite the lower amount of green areas compared to Sample area 1. 
Furthermore, the performance of each sample area varies depending on the ES that 
is being considered. This shows the importance of the typology of green areas in 
determining the supply of ES, and the potential bias that aggregated indicators 
(such as per-capita green area) can introduce in the representation of the equitable 
distribution of ES. 



sample area 1 


supply score 2,7/10 


sample area 2 




sample area 3 


supply scone 2,5/10 


sample area 4 



supply score 1.0/10 


Carbon 

storage 
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5 4 
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supply score 1.4/10 su pply score 2 2/10 



supply score 0,9/10 
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Micro-climate 

regulation 
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Fig. 6.2 Assessment of the supply of the four selected ES in the four sample areas 
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6.3.2 Assessing Access to ES 

The assessment of the access to the four selected ES considered two main aspects, 
mentioned in Table 6.1. First, service benefitting areas were identified based on the 
flow of ES, by considering the specific spatial relation between providing and ben¬ 
efitting areas, direction, and scale that characterize each ES. Second, the presence 
of physical or institutional barriers to access were verified in each case. The relevant 
spatial characteristics of ES flow, the potential barriers to access, and the method 
adopted is presented in Table 6.3. 

In the case study, given the small size of the samples, it was assumed that all 
benefitting areas are physically accessible, i.e., within walking distance from house¬ 
holds (Kabisch and Haase 2014). For the ES to which institutional access might be 
relevant, land tenure was used as a proxy to restrict the analysis to benefitting areas 
accessible to all residents. Hence, only public areas are considered as possible 
places for enjoying the benefits of cooling and noise reduction, while carbon storage 
and air pollution removal are not affected by any limitation. The overall access score 
for each sample area was obtained by applying the same procedure used for the 


Table 6.3 Relevant spatial characteristics of ES flow, potential barriers to access, and method 
adopted to assess access for the four selected ES 



ES flow and characteristics of 
benefitting areas 

Method 

Carbon 

storage 

Global and non-proximal, 
equally distributed across the 
city; access to specific areas is 
not required to benefit from the 
ES 

All sample areas are assigned the same access 
score calculated as the average of the supply 
scores of the four sample areas. The score is 
considered as homogeneously distributed over 
the whole study area. 

Air 

pollution 

removal 

Local (district) and non- 
proximal, evenly distributed 
across the neighbourhood; 
access to specific areas is not 
required to benefit from the ES 

For each sample area, the score calculated in the 
supply analysis is used. The score is considered 
as homogeneously distributed over each sample 
area. 

Micro 

climate 

regulation 

Local (site/block) and proximal, 
the distribution is considered 
omnidirectional with benefitting 
areas up to some hundreds 
meters all around the area. 

Access to defined benefitting 
areas is required to benefit from 
the ES. 

For green areas with an extension of less than 

2 ha, the estimated cooling effect is perceivable 
up to a distance of about 100 m from the site 
Shashua-Bar and Hoffman (2000). Those areas 
are assigned a score that is half of that of the 
green area itself. Moreover, to consider the local 
contribution of shading by trees, a buffer of 5 m 
around the canopies is added with the same 
score as the supply score assigned to trees. 

Noise 

mitigation 

Local (site) and proximal, the 
distribution is directional with 
benefitting areas up to some tens 
meters from the noise source. 
Access to defined benefitting 
areas is required to benefit from 
the ES. 

Benefitting areas are identified by creating a 

50 m-buffer from the streets and their score is set 
as half of the supply score of the green area that 
provides the service Derkzen et al. (2015). 
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supply, resulting in a normalized score ranging from 0 to 10. The final access score 
also incorporates the assessment of ES supply conducted in the previous step, hence 
the access score could also be interpreted as a ‘reduced’ supply score that accounts 
for issues related to the spatial distribution of service benefitting areas and their 
accessibility, when relevant to the specific ES under investigation. 

The results of the access analysis vary depending on the ES. For carbon storage 
and air pollution removal, which are assumed to be equally distributed over the 
sample areas, no further spatial analysis is needed. For carbon storage, the same 
score is assigned to all areas, while for air pollution removal a score equal to the 
supply score is used to characterise the different sample areas. For the ES that pro¬ 
duce local benefitting areas characterised by proximity to the providing areas, the 
results of the access analysis are shown in Fig. 6.3. For both micro-climate regula¬ 
tion and noise reduction, the ranking of the sample areas based on the access score 
is different than the ranking based on the supply score 


6.3.3 Assessing ES Demand 


According to Wolff et al. (2015), depending on the type of ES, the demand can be 
assessed either based on direct use, or based on preferences for a desirable level of 
ES supply. In the case of regulating services, many assessments adopts the latter 
method, defining the desirable level through indicators of vulnerability (Wolff et al. 
2015). Here we refer to Kazmierczak (2012), who identified four main vulnerable 
groups based on criteria of poverty, diversity (presence of foreigners), and age, spe¬ 
cifically distinguishing children (0-4 years old) and elderly (above 65 years old). In 
the case study, the poverty indicator was not considered due to the lack of disag¬ 
gregated spatial data. The other three criteria were assessed based on census data 
provided by the local administration. The number of residents, children, elderly, and 
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Fig. 6.3 Assessment of access to two proximity-dependent ES in the four sample areas 
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foreigners for each census block was linked to the map by considering all groups as 
evenly distributed on the surface covered by the footprint of residential buildings. 
Noteworthy, overlapping of vulnerabilities (e.g. an old person that is also a for¬ 
eigner) were not taken into account; instead, any vulnerable was counted as one unit 
assuming that an individual that is both old and foreigner and the presence of one 
old person and one foreigner would raise equally the vulnerability of the neighbour¬ 
hood. The overall score of ES demand was obtained by normalizing the number of 
vulnerable individuals in the sample areas on a scale between 0 and 10. The distri¬ 
bution of vulnerable individuals is almost proportional to the distribution of the 
population density, i.e. the area with the highest population density is also the area 
with highest number of vulnerable individuals. 


6.3.4 Combining Information of Supply, Access and Demand 


Taken singularly, the results of the analyses described in the previous sub-sections 
can be used to identify hotspots in the city where supply, access and demand for ES 
are particularly high. The supply, access and demand scores can also be aggregated 
to unveil, for example, mismatches between demand and supply (Ortiz and Geneletti 
2018). As an example of aggregation, we proposed a combined indicator based on 
the scores of access and demand analysis, given the former also include the supply 
score. Operationally, for each ES and each sample area, the access score was divided 
by that of demand, so that higher values correspond to better performances. The 
combined indicator allows ranking different areas of the city, based on a comparison 
between the existing demand for ES, and their actual availability for the citizens. 
Hence, it can provide more information with respect to considering only supply and 
demand. As an illustration, Fig. 6.4 compares this indicator with assessments based 
on supply only, and the ratio between supply and demand (without considering 
access). The comparison focuses on cooling and noise reduction, two examples of 
ES for which access is a relevant factor to consider in the assessment. 
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Fig. 6.4 Comparison of the combined indicators with the total supply and the ratio between sup¬ 
ply and demand in the four sample areas for cooling (left) and noise reduction (right) 
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6.4 Conclusions 

An equitable distribution of resources, and more specifically of ES, is one of the key 
elements in the purse of equity, and sustainability. ES assessments that investigate 
the distribution of ES can play an important role in addressing equity issues in urban 
planning. The concept of ES represents a very useful tool since it allows under¬ 
standing and quantifying how ecosystems provide services and spatially defining 
the relationship between their structure, functions, and the related benefits at a suit¬ 
able scale (Braat and de Groot 2012). In this chapter, we suggest that ES assess¬ 
ments need to capture information about the supply, access, and demand of services 
in a city, in order to provide planners with useful information on the degree of equity 
in the distribution of ES. 

The approach described in the case study application present limitations. Firstly, 
access to ES was estimated in a simplified way, reflecting the limited contributions 
on this topic found in the literature. There is a need for studies that go more in depth 
in unveiling, and mapping all the factors that may play a role in determining how ES 
are accessed by beneficiaries. Secondly, demand was estimated by considering only 
few categories of vulnerable individuals. Other socio-economic and cultural factors 
(e.g., housing conditions) could be added to improve the analysis, exploring the 
complexity of the demand for regulating ES in cities, and distinguishing among dif¬ 
ferent groups of beneficiaries associated to different ES. Thirdly, the assessment of 
supply was also based on one single indicator for each ES. Using multiple indica¬ 
tors could provide a better picture of different types of supply, reflecting for exam¬ 
ple different potential uses by beneficiaries. 

In conclusion, the potential of applying holistic approaches to the investigation 
of distribution of ES, which include biophysical, as well as socio-economic consid¬ 
erations, cannot be ignored. Despite using disaggregated data and complex assess¬ 
ments can be costly and time-consuming (Gomez-Baggethun and Barton 2013), 
there is a need to keep on walking this path to improve the outcome of planning 
processes. 
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Chapter 7 

Conclusions 


® 

Check for 
updates 


7.1 Summary of the Main Messages 

This book focused on the relation between urban planning and ecosystem services 
(ES), acknowledging their potential role in addressing many challenges of todays’ 
cities. Planning decisions are one of the most influential factors determining the 
amount and spatial distribution of both ES supply and demand in cities. Hence, 
there is a need to integrate ES knowledge in planning processes, not only to measure 
and possibly reduce the negative impacts of planning decision on ES provision, but 
also to enable the proactive enhancement of ES through effective actions. To this 
overall aim, the book reviewed the state of the art of ES integration in current plan¬ 
ning practices (Chaps. 2 and 3), presented an exemplary model for ES assessment 
specifically developed to support urban planning (Chap. 4), illustrated how ES 
information can be applied to support real-life planning decisions (Chap. 5), and 
discussed the design of ES assessments to analyse the equitable distribution of ES 
in cities (Chap. 6). 

Chapter 2 presented the results of a review of 22 comprehensive spatial plans of 
Italian cities, while Chap. 3 focused on a more recent type of planning documents, 
i.e. climate adaptation plans, reviewing a set of 14 plans of European cities. By 
looking at how ES are actually addressed in the different plan components, disre¬ 
garding the terminology used to refer to them, the reviews revealed what ES knowl¬ 
edge is already included in current plans and what gaps are still to be filled. 
Interestingly, the two reviews present some common results that suggest an overall 
trend in the way ES knowledge is being mainstreamed and taken-up among practi¬ 
tioners and decision-makers. Both reviews highlight a strong awareness of some ES 
and of the benefits they provide in terms of climate change adaptation (e.g., heat¬ 
wave mitigation and flood control), and human health and wellbeing (e.g., recre¬ 
ation, air pollution reduction, noise mitigation). A high number of ES-related actions 
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was found in both types of plan, and the analysis of spatial plans revealed a wide 
variety of tools for implementation. 

However, the proposal of ES-related measures is rarely supported by an adequate 
knowledge base and analysis, which may eventually undermine their effectiveness. 
The general idea that “more green will do some good” seems to guide the inclusion 
of ES-based actions in current plans, where critical decisions about the design and 
the location of interventions are seldom justified by the analysis of the expected 
outcomes and the distribution and vulnerability of the potential beneficiaries. As 
such, the most common measure found in climate adaptation plan was the enhance¬ 
ment of green areas, a typical strategy that planners put in place for a variety of 
purposes that go beyond climate change adaptation. Moreover, while a set of ES, 
including regulating ES related to climate change adaptation, are widely acknowl¬ 
edged also in comprehensive spatial plans, others are hardly considered. This may 
lead to trade-offs unconsciously generated by planning decisions and, ultimately, to 
a loss of important but underestimated ES. 

Chapter 4 illustrated how an ES model can be developed with the aim of support¬ 
ing urban planning decisions. Specifically, it describes the development of a 
spatially-explicit model to map and assess micro-climate regulation provided by 
different typologies of urban green infrastructures. The model is based on an exten¬ 
sive review of the scientific literature, and summarises the main findings in a way 
that is accessible and usable by planners. Tree canopy coverage, soil cover, and size 
are identified as the most relevant variables determining the cooling potential of 
urban green infrastructure. By combining the three variables, 50 typologies of urban 
green infrastructure are defined, and each of them is assigned a score depending on 
the climatic region of interest. Planners can directly refer to these “archetype” 
typologies to assess the existing condition of a city based on commonly available 
data (as demonstrated by the application to Amsterdam), as well as to measure the 
expected benefits of planning interventions (as exemplified in the case study in the 
city of Trento presented in Chap. 5). 

Chapter 5 moved a step further in the operationalisation of ES knowledge, show¬ 
ing how the information produced by ES mapping and assessment can be used to 
support real-life planning decisions. The case study in Trento (Italy) demonstrated 
that the assessment of ES and related benefits can be adopted to prioritise planning 
scenarios, as for the example of brownfield regeneration. The case study considered 
two illustrative but critical ES for the context, i.e. micro-climate regulation and 
nature-based recreation, applying models specifically developed (as the one 
described in Chap. 4) or adapted (as is the case of ESTIMAP-recreation) for urban 
planning purposes. Combining the assessment of ES supply with spatial informa¬ 
tion on the potential beneficiaries and their different levels of vulnerability proved 
to be an effective way to build a common ground between ES assessments and 
urban planning. A multi-criteria analysis offered a structured way to combine mul¬ 
tiple indicators in a synthetic and usable outcome for decision-makers, while explor¬ 
ing and balancing different stakeholder perspectives and potentially competing 
interests in a rational and transparent way. 
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Finally, Chap. 6 focused on an emerging issue in the urban ES science with rel¬ 
evant implications for urban planning, i.e. the analysis of equity in the distribution 
of ES and related benefits across the city. While this is still an innovative field where 
the ES concept is being applied, some key requirements for ES assessments to 
address the equitable distribution of ES in cities can be already identified. 
Specifically, access emerges as a fundamental aspect that shapes the flow of ES by 
determining the matching between supply and demand. To capture the real distribu¬ 
tion of ES across areas and population groups, ES assessments should take into 
account the barriers, including both physical and institutional barriers, that may 
limit the access to ES. A spatially-explicit ES assessment that considers how ES 
flow from providing areas (characterised in terms of their specific ES potential), to 
benefitting areas (characterised by a certain level of demand and accessibility) is 
therefore essential to support urban planning in pursuing equity in the distribution 
of ES in cities. 


7.2 Challenges for Future Research and Practice 

Despite the explicit link with decision-making being among its distinctive traits 
since its origin (Daily et al. 2009), the integration between ES science and planning 
practices is still limited, especially at the urban scale. In this context, the ‘salience’ 
or ‘relevance’ of ES knowledge, a key attribute to measure its capacity to inform 
decision-making (Cash et al. 2003), corresponds to the extent to which it responds 
to knowledge needs that are not yet answered by the set of concepts, approaches, 
and methods already adopted in current urban planning practices. Understanding 
the specific needs and requirements that urban planning poses to ES knowledge is 
therefore fundamental for ES research. To this aim, the reviews of planning docu¬ 
ments presented in Chaps. 2 and 3 revealed some shortcomings in how are ES 
addressed and suggest some entry points where ES knowledge could be profitably 
integrated. 

First, a need for enhancing the knowledge base on ES clearly emerged. This can 
be partly ascribed to gaps in ES research: an appropriate knowledge base is funda¬ 
mental to design effective actions, but requires adequate methods that, in some 
cases, are still not available. The set of ES less frequently mentioned in urban plans 
are also the least popular in the ES literature, which may indicate that the respective 
functions are well known from the ecological point of view, but still not acknowl¬ 
edged for their contribution to human wellbeing. Moreover, methods to assess many 
urban ES require further efforts to be tailored to urban planning needs, in two 
respects. On the one hand, urban contexts, characterized by heterogeneity and frag¬ 
mentation of green infrastructure components, define specific requirements for bio¬ 
physical methods in terms of accuracy and resolution, which limits the transferability 
of methods developed at different spatial scales. On the other hand, the integration 
in planning processes determines data and resource constraints (e.g., in terms of 
time, costs, and expertise). Methods able to capture the specificity of urban 
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ecosystems while meeting the requirements of planning applications are needed, 
such as the model presented in Chap. 4. The steps that were followed to analyse and 
synthesize the scientific literature from multiple disciplines, and the type of results 
proposed could serve as an inspiration to develop other ES methods usable by 
planners. 

However, biophysical indicators are not sufficient to communicate ES values in 
a meaningful way, especially in decision-making processes mostly driven by social 
and economic objectives, as is often the case in urban planning. On the contrary, 
beneficiary-based indicators that explicitly link the provision of ES with changes in 
human wellbeing are a promising way to communicate ecological knowledge to 
planners and decision-makers. As demonstrated by the application described in 
Chap. 5, indicators describing ES values by accounting for their beneficiaries and 
the different levels of demand that they express have the capacity to reflect different 
planning objectives and stakeholders’ perspectives, hence to inform and support 
planning decisions. In order to better assess the demand for ES, future applications 
can take advantage of approaches commonly adopted by urban planning (e.g., spa¬ 
tial analysis of population, identification of specific target groups, elicitation of citi¬ 
zens’ preferences and opinions), and further develop their use. 

Combining values associated to different ES is also a challenge. Scientific 
advancements produced by transdisciplinary efforts are needed to define appropri¬ 
ate and effective methods that allow combining the results of biophysical, socio¬ 
cultural, and economic methods, thus accounting for the multiple values of ES. As 
shown in Chap. 5, a methodological support is provided by multi-criteria analysis 
techniques, which offer a platform for combining multiple value dimensions, inte¬ 
grating stakeholders’ opinions along with technical inputs. Multi-criteria analysis 
allows exploring different perspectives and balancing competing interests to find an 
agreed-upon solution. Urban planning would benefit from adopting such method¬ 
ologies, which enhance participation and transparency, ultimately strengthening the 
ownership of the results. However, a pre-requisite is the identification of clear 
ES-related objectives. Increasing ES supply is not equal to increasing the number of 
ES beneficiaries, which again is not the equal to maximising ES benefits produced 
by planning decisions. Consequently, only a clear definition of planning objectives 
can set the basis for the design of effective planning actions. 

A better integration of ES in the strategic component of urban plans and the defi¬ 
nition of objectives and targets for ES enhancement require further efforts by plan¬ 
ners and decision-makers. While the high number of actions based on ES in the 
reviewed plans indicates that planners have the capacity to enhance the future provi¬ 
sion of urban ES, strengthening the consideration of ES as a strategic issue is fun¬ 
damental to ensure long-term commitment in the implementation and monitoring of 
planning action. A strategic approach to ES also guarantees that all relevant ES for 
the context are taken into account. Urban green infrastructure components act as 
providing units of multiple ES, hence planning actions can be expected to produce 
effects on a bundle of ES. This is not only the case of planning actions specifically 
aimed at enhancing ES provision or directly affecting urban green infrastructure, 
but it is equally true for planning actions affecting the distribution of beneficiaries, 
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the environmental conditions of the city, or the accessibility to certain areas. While 
the multifunctionality of urban green infrastructure generates potential synergies, 
which are indicated as one of the main strengths of ecosystem-based actions, look¬ 
ing at the whole range of ES affected by planning actions may reveal trade-offs, 
hence unexpected and undesired outcomes of planning decisions. 

A final challenge is related to the development and application of appropriate 
methods for assessing equity in the distribution of ES. Inequality and exclusion are 
rising in most cities in the world and indicators focused on the average wellbeing, 
overlooking its distribution, may hide an increasing divide between different popu¬ 
lation groups, thus leading to wrong conclusions about the impacts of policies and 
decisions. Methods for mapping ES, which describe how ES supply and demand, as 
well as related benefits and values, vary across space, are a good starting point to 
assess distributional equity, possibly accounting for relevant contextual factors. 
However, as discussed in Chap. 6, some criteria must be fulfilled to ensure that a 
spatial assessment of ES provides useful information to pursue an equitably distrib¬ 
uted wellbeing and further advancements are still needed on this issue. 


7.3 Concluding Remarks 

This book moved from the belief that the ES approach, grounded on the growing ES 
science, can be a valuable support to improve decision-making towards planning 
more sustainable, liveable, and resilient cities. From this perspective, ES science is 
seen as a provider of credible and relevant knowledge that can complement the set 
of information - a combination of both scientific and traditional/local knowledge - 
on which planning decisions are usually based, thus promoting a stronger incorpo¬ 
ration of ecological concerns into decision-making processes that mainly pursue 
socio-economic goals. Operationally, ES science offers to urban planners a wide 
range of methods and tools that can be used to analyse the current condition and to 
assess the expected impacts of planning decisions. In this context, particularly rel¬ 
evant are spatially-explicit methods that allow mapping the distribution of ES and 
related benefits across the city. 

As suggested by our exploration, the expected benefits of a further integration of 
ES in urban planning are manifold. First, it supports the design of appropriate and 
effective actions, being they targeted to promote climate change adaptation or to 
enhance citizens’ health and wellbeing. Second, it increases the awareness of a 
larger set of values that are at stake in planning processes, including values normally 
underrepresented, thus highlighting co-benefits and trade-offs that may arise from 
planning actions, and allowing for a more transparent and conscious prioritization. 
Third, it promotes the explicit identification of ES demand and beneficiaries, thus 
enhancing the consideration of equity issues and providing planners and decision¬ 
makers with stronger arguments against conflicting interests on land-use decisions. 

What emerges is an overall coherence between the ES approach and urban plan¬ 
ning objectives that aim at enhancing human wellbeing in cities. Hence, the 
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integration does not require to reshape current practices, but it can build on what is 
already there, as also demonstrated by our reviews. Some promising fields of 
cross-fertilization between ES and urban planning emerged in this book, including 
possible contributions of the urban planning discipline to the ES science (Cortinovis 
2018). For example, methods and approaches already in use by planners can be 
applied to identify actual and potential beneficiaries, to quantify ES benefits, and 
to analyse equity in ES provision. Implementation tools to support the operational¬ 
ization of ES knowledge represent another key contribution. So far, ES science has 
developed very few models for implementation. On the contrary, urban planners 
are equipped with a large toolbox where suitable tools to implement ES-informed 
decisions and to secure and enhance the provision of ES in cities can certainly be 
found (e.g., regulations, building standards, financial and non-financial incentives, 
among others). 

A growing demand for ES knowledge to be integrated in urban planning prac¬ 
tices is determined by the strong support that ecosystem-based actions and nature- 
based solutions are receiving (European Commission 2015). However, as it emerged 
from the book, the ES approach, providing a holistic framework that describes the 
multiple relations between ecosystems and human wellbeing, offers to urban plan¬ 
ning much more than solutions. Within this framework, objectives that account for 
the complex interactions between the ecological and the socio-economic spheres 
can be set, and decisions assessed based on their expected long-term consequences. 
Urban planning plays a key role in coordinating different sectoral policies and 
bridging multiple institutional scales, hence it can be the starting point for ES 
knowledge to permeate other decision-making processes. Urbanization is one of the 
major threats to biodiversity and ES worldwide. In this respect, promoting the ES 
approach through urban planning may seem a paradox, but it is also a great oppor¬ 
tunity to make human development truly sustainable. 


Open Access This chapter is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecommons.org/ 
licenses/by/4.0/), which permits use, duplication, adaptation, distribution and 
reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, a link is provided to the Creative Commons license and any changes 
made are indicated. 

The images or other third party material in this chapter are included in the work’s Creative 
Commons license, unless indicated otherwise in the credit line; if such material is not included in 
the work’s Creative Commons license and the respective action is not permitted by statutory regu¬ 
lation, users will need to obtain permission from the license holder to duplicate, adapt or reproduce 
the material. 




Appendix 


Annex I - List of the Planning Documents Reviewed 
in Chapter 2 


ID 

City 

Year of approval 

Population 1/1/2014* 

City area [km 2 ] 

P01 

Ascoli Piceno 

2014 

50,079 

158.02 

P02 

Benevento 

2012 

60,770 

130.84 

P03 

Brescia 

2012 

193,599 

90.34 

P04 

Como 

2013 

84,834 

37.12 

P05 

Cremona 

2013 

71,184 

70.49 

P06 

Genoa 

2014 

596,958 

240.29 

P07 

Lecco 

2014 

48,131 

45.14 

P08 

Mantua 

2012 

48,588 

63.81 

P09 

Milan 

2012 

1,324,169 

181.67 

P10 

Padua 

2014 

209,678 

93.03 

Pll 

Pavia 

2013 

71,297 

63.24 

P12 

Piacenza 

2014 

102,404 

118.24 

P13 

Prato 

2013 

191,268 

97.35 

P14 

Rovigo 

2012 

52,099 

108.81 

P15 

Savona 

2012 

61,761 

65.32 

P16 

Treviso 

2013 

83,145 

55.58 

P17 

Trieste 

2014 

204,849 

85.11 

P18 

Udine 

2012 

99,528 

57.17 

P19 

Varese 

2014 

80,927 

54.84 

P20 

Venice 

2014 

264,534 

415.90 

P21 

Vercelli 

2012 

46,992 

79.78 

P22 

Vibo Valentia 

2014 

33,675 

46.57 
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Appendix 


Annex II - List of the Planning Documents Reviewed in Chapter 3 


City 

Name of the plan 

Year 

Source 

Amsterdam 

Amsterdam: a different energy 
(SEAP) 

2010 

http://mycovenant.eumayors.eu/ 


Amsterdam definitely sustainable 

2011 

http://www. 

nieuwamsterdamsklimaat.nl/ 


New Amsterdam climate 

2010 

http ://mycovenant.eumayors .eu/ 


Outspokenly sustainable-perspective 
2014 

2009 

http://www. 

nieuwamsterdamsklimaat.nl/ 


Structure vision for Amsterdam 

2014 

2008 

http://www. 

nieuwamsterdamsklimaat.nl/ 

Barcelona 

The energy, climate change and air 
quality plan for Barcelona (SEAP) 

2011 

http://mycovenant.eumayors.eu/ 

Berlin 

Berlin Environmental Relief 
Programme (10 years) (SEAP) 

2011 

http://mycovenant.eumayors. 
eu/http ://w ww.berlin. de/ 

Copenhagen 

Copenhagen climate adaptation plan 
(SEAP) 

2011 

http://mycovenant.eumayors. 
eu/http ://w ww.kk. dk/ 

Heidelberg 

Climate protection commitment 
Heildelberg (SEAP) 

2010 

http://mycovenant.eumayors.eu/ 

London 

Delivering London’s energy future 
(SEAP) 

2010 

http://mycovenant.eumayors.eu/ 


The London Plan: spatial 
development strategy for a greater 
London 

2008 

http: //w w w. london .gov. uk 

Madrid 

Plan de uso sostenible de la energia 
y prevencion de cambio climatico 
(SEAP) 

2008 

http ://mycovenant.eumayors .eu/ 

Milano 

Piano per V energia sostenibile ed il 
clima (SEAP) 

2009 

http://mycovenant.eumayors.eu/ 

Paris 

Paris climate protection plan 
(SEAP) 

2004 

http://mycovenant.eumayors.eu/ 

Roma 

Piano d’azione per V energia 
sostenibile per la citta di Roma 
(SEAP) 

2010 

http://mycovenant.eumayors.eu/ 

Rotterdam 

Investing in sustainable growth, 
Rotterdam programme on (SEAP) 

2010 

http ://mycovenant.eumayors .eu/ 


Rotterdam climate city, mitigation 
action programme 

2010 

http://www. 

rotterdamclimateinitiative.nl/ 


The new Rotterdam, Rotterdam 
climate initiative 

2009 

http://www. 

rotterdamclimateinitiative.nl/ 

Stockholm 

Stockholm action plan for climate 
and energy (SEAP) 

2012 

http ://mycovenant.eumayors .eu/ 
http ://w ww. Stockholm, se/ 


Stockholm climate initiative 

2010 

http ://www. Stockholm, se/ 

Venezia 

Piano d’azione per 1’energia 
sostenibile (SEAP) 

2013 

http ://mycovenant.eumayors .eu/ 

Warsaw 

Sustainable action plan for energy 
Warsaw (SEAP) 

2011 

http ://mycovenant.eumayors .eu/ 
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